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CHALLENGES AND OPPORTUNITIES OF THE EXPANSION OF CONSERVATION
AGRICULTURE PACKAGES (AYBAR BBM AND ARASHWOGEL) IN THE LAKE-
TANA BASIN, NORTHWESTERN ETHIOPIA
By
LANTEYIDERU TESFAYE TEREFE

Major Advisors: Dr.Belayneh Ayele and Co-advisor Dr.Akalu Teshome

ABSTRACT

Conservation Agriculture(CA) benefits include increased organic matter, improved water
retention, improved soil fertility, reduced soil erosion, reduced weed infestation, increased
crop productivity and others. It is a resource-saving and production intensification system
through enhancing the natural resource base. Conservation agriculture technologies
involve minimum soil disturbance, permanent soil cover through crop residues or cover
crops and crop rotations for achieving higher productivity. In this study, we investigated
the different CA practices to understand the experiences of stakeholders, the opportunities,
and challenges of CA packages in Lake Tana BR. We also, examined the socio- economic,
institutional, and technical factors that determine the use of CA technologies in Bahir Dar
Zuria, North Achefer, and Gonder Zuria woredas. To address the above-mentioned
objectives of the study both primary and secondary data collected. The primary data were
collected from randomliy selected 90 sample households in three kebeles that selected
using purposely-sampling technique in (Wegelesa kebele from Bahir Dar Zuria woreda,
Wembera Eyesuse kebele from North Achefer woreda and Cehera Matebia kebele from
Gonder Zuria woreda) and four farm plots used for detailed biophysical study. The results
of the study indicated that above 27% of sampled householdes use Arashwogel and Aybar
BBM. The major challenges for not using the techinology the farmers relactancs towords
new techinology, understand of the use of techinology and disteribution of the techinology.
Opportunities for the expantion of the techinology include presense of DA's, availabelty of
techinology marekat,availabelty of credit, presense of NGO's and availabely of techinlogy.
On the average, the use of the two techinology Aybar BBM and Arashogel resulted in an
incerese in crop yield by 62.5% for wheat and 18.18-33.33% for teff respactively
compared to the traditional maresha. Water and soil loss also reduced by 59% and 77.3%
for teff crops and 19.3% and 51.7% for faba bean crops respactively for Arashwogel
compared to the traditional maresha. Recommendations focus on enhancing the
willingness and ability of farmers, strengthen learning opportunities through farmers
training center and their operation in rural areas of the administration practice, and
strengthen the extension contact between farmers and development agents for the need to
providing farmers with information on long- term impact of soil erosion on the present
fertile plots. Moreover, the need to develop the policy frame and strategies is urgent to
promote CA in the region.

Keywords: Conservation Agriculture, Conventional Agriculture, Zero tillage, Extension,
Stakeholders, Smallholder farmers
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CHAPTER ONE: - INTRODUCTION
1.1. Background

Attaining food security for a growing population and alleviating poverty while sustaining
agricultural systems under the current scenario of depleting natural resources, negative
impacts of climatic variability, spiraling cost of inputs and unstable food prices is a major
challenge for most developing countries (Yadete.2007). In addition to these challenges, the
principal indicators of non-sustainability of agricultural systems include, soil loss and
structural deplation, reduced water infiltration, soil OM decline, and soil nutrient
depletion. These caused mainly by: (1) intensive tillage- water and wind erosion, soil
compaction, (2) insufficient return of organic material and (3) mono-cropping. Therefore,
a paradigm shift in farming practices through avoiding unsustainable agricultural systems
(intensive ploughing /tilling/ the soil, removing all organic material, monoculture) is
crucial for future increased productivity and sustaining the natural resources. Conservation
agriculture as a concept is evolved as a response to concerns of sustainability and steadily
increased worldwide to cover about ~8% of the world arable land (124.8 Mha) (FAO,
2012). Conservation agriculture is a resource-saving agricultural production system that
aims to achieve production intensification and high yields while enhancing the natural
resource base through compliance with three interrelated principles (i.e Minimal
mechanical soil disturbance, Permanent organic soil cover and Diversified crop rotations),
along with other good production practices of plant nutrition and pest management (Abrol
and Sangar, 2006).

Traditional agriculture based on tillage and being highly mechanized, responsible for soil
erosion problems, surface and underground water pollution and more water consumption
(Wolff and Stein, 1998). Moreover, it implicates land resource degradation, wildlife and
biodiversity reduction, low energy efficiency, and contribution to global warming
problems (Boatman et al., 1999). Hence, CA is a way to cultivate annual and perennial
crops, based on no vertical perturbation of soil (zero and conservation tillage), with crop
residue management and cover crops, in order to offer a permanent soil cover and a
natural increase of OM content in surface horizons. Many studies and documents (like
conservation agriculture in India, Agenda 21-promoting sustainable agriculture and rural-
UNEP, Conservation agriculture practices to meet challenges of global worning,
Conservation agriculture publication by FAO, etc) indicated impacts of a conservative
way of cultivation on the global environment (soil, air, water, and biodiversity), compared



to traditional agriculture (Derpsch et al., 2010; Derpsch et al., 2011). Conservation
agriculture promotes most soils to have a richer bioactivity and biodiversity, a better
structure and organization, and a very high natural physical protection against weather
(raindrops, wind, dry or wet periods). Soil erosion is therefore highly reduced, soil
agronomic inputs transport slightly reduced, while pesticide bio-degradation is enhance.
It protects surface and ground water resources from pollution and mitigates negative
climate effects. Hence, CA provides excellent soil fertility and saves money, and time. It is
an efficient alternative to traditional agriculture, attenuating its drawbacks.

Conservation agriculture is a management system that maintains a soil cover through
surface retention of crop residues with no till/zero and reduced tillage. Conservation
agriculture described by (FAO. 2008) as a concept of resource saving agricultural crop
production, which is based on enhancing natural and biological processes above and below
the ground. As per (Dumanski et al. 2006) CA is not “business as usual,” based on
maximizing yields while exploiting the soil and agro-ecosystem resources. Rather, CA
based on optimizing yields and profits to achieve a balance of agricultural, economic, and
environmental benefits. It advocates that the combined social and economic benefits
gained from combining production and protecting the environment, including reduced
input and labor costs, are greater than those from production are alone. With CA, farming
communities become providers of more healthy living environments for the wider
community through reduced use of fossil fuels, pesticides, and other pollutants, and

through conservation of environmental integrity and services.

As per (FAO 2001) definition, CA is designed (1) achieve acceptable profits, (2) high and
sustained production levels, and (3) conserve the environment. It aims at reversing the
process of degradation inherent to the conventional agricultural practices like intensive
agriculture, burning/removal of crop residues. Hence, it aims to conserve and improve use
of natural resources through integrated management of available soil, water, and biological
resources combined with external inputs. It was also been referred to as resource efficient

or resource effective agriculture.
1.2. Statement of the Problem

Ethiopia has diverse/different types of natural resource and bio-diversity that offer
enormous opportunity (Jimma University, 2011). On the other hand, Ethiopia has serious

problem of soil erosion that leads to low agricultural productivity and production, which



related to highest rate of nutrient depletion like many countries in sub Saharan Africa
(MoA, 2010). The country has experiened in high rate of population growth and continued
land degradation that resulted in reduced opportunity of changing agricultural production,
and inability to challenge poverty and chronic food insecurity (Jimma University, 2011).
Soil erosion and land degradation is being accelerating due to the expansion of agriculture
especially, growing of crop towards the steeper slopes and population increment
(Descheemaeker et al., 2006; Menale et al., 2008).

The adoption of agricultural innovation in developing countries including Ethiopia has
attracted considerable attention because it can provide the basis for increasing production
and income. However, evidence indicates that most of the adoption studies so far
conducted in the country are largely focused on improved crop varieties and associated
agronomic practices such as soil fertility management and crop protection practices. The
attention provided to the adoption of CA uptodate is minimal. Moreover, the rate of
adoption of modern agricultural technologies using farm machinery (Aybar BBM and

Arashwogel) in the country is reportedly very low (Kebede et al., 1990).

In attempt to reduce some of the identified problems, improving productivity and market
access of Ethiopian smallholder farmers through CA involving Aybar BBM and
Arashwogel technology is vital. In Amhara region there is a CA project aimed at
demonstration of CA activities, training woreda experts, development agents, and farmers
to facilitate adoption of CA among farmers. The adoption of CA technologies and the
factors that determine use of CA however not studied. With this background, the current
study attempts to explore the challenges and opportunities of the expansion of CA

packages in Lake Tana basin.
1.3. Research questions

e What is the attitude of farmer about Aybar BBM and Arashwogel?
e What are the major socio-economic, institutional, and technological challenges and
opportunities on the usage of Aybar BBM and Arashwogel?

e What is the yield and runoff different between CA and conventional agriculture?



1.4. Objective of the Study
1.4.1. General objective

e The general objective of the study is to identify the challenges and opportunities of the

expansion of CA packages (Aybar BBM and Arashwogel) in the Lake Tana basin
1.4.2. Specific objective

e To assesses the attitude of farmers about Aybar BBM and Arashwogel technologies.
¢ To identify the major Challenges and Opportunities of Arashwogel and Aybar BBM

e To compare CA with conventional agriculture in terms of yield and run-off
1.5. Significance of the study

Comprehensive understanding of farmers’ adoption of conservation agriculture
technologies is crucial in designing future research and development strategies. This study
will help policy makers to develop evidence based future research, extension, and
development programs aimed at benefiting smallholder farmers. Policy makers will
benefit from the research output, since they require micro-level information to formulate
policies and strategies so that their effort would be appropriate in meeting smallholder
farmers’ need in particular and to bring change in agricultural sector, in general. In
addition, this research result will benefit development planners, other researchers, and
ultimately the farmers. In addition to this, this piece of work tries to identify determinants
of adoption of conservation agriculture technology by farmers. Therefore, the study will
generate information on diverse set of issues related to adoption of conservation

agriculture technology in all stady woreda.
1.6. Scope and Limitations of the Study

The study conducted at North Achefer and Bahir Dar Zuria woredas in West Gojjam zone
and at Gonder Zuria woreda in North Gonder zone, which are part of Amhara National
Regional State of Ethiopia. This study was limited to undertake only in a three woredas at
three kebeles. This was because of limited availability of budget and time to undertake the
study at a wider scale. For similar reason, the sample size is limit to few respondents. This
might have limitations to give concrete conclusion. Although the study is limited in
sample size and area coverage, the results of the study expected to be a baseline in

designing appropriate CA polices.



CHAPTER TWO: - LITERATURE REVIEW

This chapter provides a brief review of the works done on the subject of the study. The

chapter is organizing in to eight sections.

2.1. Overview of Conservation Agriculture

By 2050, the global food demand will increase by 70% (Bruinsma J. 2009). There will be
more demand for nutritious (high protein) food. Yet more efficient use of natural resources

is required. Conservation Agriculture is considered as one of the most important

agricultural practices that would enable sustained and improved crop yields under diverse

agro-ecological conditions. The three major principles of CA are to minimize mechanical

soil disturbance /minimum tillage/, to diversify crop rotations, and to maintaining

permanent soil cover with organic mulch. Conservation Agriculture systems require a total

paradigm shift from conventional agriculture with regard to management of crops, soil,

water, nutrients, weeds, and farm machinery (Table 2.1).

Table2.1.Some distinguishing features of conventional and conservation agriculture systems

Conventional Agriculture

Conservation Agriculture

Cultivating land, using science and
technology to dominate nature

Least interference with natural processes

Excessive mechanical tillage and soil
erosion

No-till or drastically reduced

(biological tillage)

tillage

High wind and soil erosion

Low wind and soil erosion

stimulates more weed seeds to germinate

Residue burning or removal (bare | Surface retention of residues (permanently

surface) covered)

Water infiltration is low Infiltration rate of water is high

Use of ex-situ FYM/composts Use of in-situ organics/composts

Green manuring (incorporated) Brown manuring /cover crops (surface
retention)

Kills established weeds but also | Weeds during the 1% plowing time is a

problem / in the early stages of adoption/
but decrease with time

Mono cropping/culture, less efficient

rotations

Diversified and more efficient rotations

Poor adaptation to stresses, yield losses
greater under stress conditions

More resilience to stresses, yield losses are
less under stress conditions

Productivity gains in long-run are in
declining order

Productivity gains in long-run are in
incremental order

Source: - Sharma et al., (2012)

Moving from conventional agriculture and environmental management practices to non-
conventional ones represents one of the great, global challenges in terms of changing




habits and mindsets. Table 2.2: gives a comparison between conventional and non-
conventional practices.
Table 2.2. Comparison of conventional farming verses conservation agriculture

Conventional Farming Conservation Rationale
Agriculture

Tillage | Farmers plough and hoe to | Direct planting without | Ploughing in the long term
improve soil structure and | prior inversion of the soil; | destroys soil structure and

control weed Planting on the rip line or | contributes to declining
making holes for planting | fertility and organic matter

with a hoe levels.
Crop Farmers remove or burn | Crop residue left on the | Crop residue improves soil
Residue | residue or mix them into | field planting of cover | structure. Cover crops
the soil with plough or hoe | crops protect soil from erosion

and limit weed growth.

Mix and | Monocultures or  crop | Crop rotation or inter | Helps maintain  soil

rotate rotations in a tillage | cropping is a permanent | fertility breaks disease
crops framework where the soil is | feature of the cropping | cycles

inverted with a moldboard, | system

plough or similar

implements

Source: - Sharma et al.,(2012)

Principles of conservation agriculture

Conservation agriculture practices perused in many parts of the world built on ecological
principles making land use more sustainable (Wassmann R. 2009, Behera et al., 2010 and
Lal R. 2013). Adoption of CA for enhancing Resource Use Efficiency (RUE) and crop
productivity is the need of the hour (after a short time) it is as a powerful tool (good
method) for the management of natural resources and its sustainability in agriculture.
Conservation agriculture relies on three major principles, which are linked and must be
considered together for appropriate design, planning, and implementation processes.
These are:

a. Minimal mechanical soil disturbance

The soil biological activity produces very stable soil aggregates as well as various sizes of
pores, allowing air, and water infiltration. This process can be called “biological tillage”
and it is not compatible with mechanical tillage. With mechanical soil disturbance, the
biological soil structuring processes will disappear. Minimum soil disturbance provides/
maintains optimum proportions of respiration gases in the rooting-zone, moderate organic
matter oxidation, porosity for water movement, retention and release and limits the re-
exposure of weed seeds and their germination (Kassam A.H. and Friedrich T. 2009).
Advantaes of Minimal mechanical soil disturbance protects the soil against erosion, cost

saving time and labour, impruves infilitration and conserves soil moisture, impruves soil



OM, and increase yield per unit of fertilizer or manure applied. Longe term decreases the
amount of fertilizer per hectare.
b. Permanent organic soil cover/ Permanent soil cover with crop residues and live
mulches
A permanent soil cover is important to protect the soil against the deleterious effects of
exposure to rain and sun; to provide the micro and macro organisms in the soil with a
constant supply of “food”; and alter the microclimate in the soil for optimal growth and
development of soil organisms, including plant roots. In turn, it improves soil aggregation,
soil biological activity, and soil biodiversity and carbon sequestration (Ghosh et al., 2010).
Mulch is any organic material (such as decaying leaves, bark, or compost) spread over the
soil and around a crop to enrich and insulate the soil. Live mulches are crops intercropped
for purposes of providing soil cover. Crop residue or live cover protect the soil from direct
impact of erosive raindrops; conserves the soil by reducing evaporation and suppresses
weed growth. Advantaes of Permanent organic soil cover: - protects the soil against
erosion, suppresses weed germination and growth, impruves recycling of nuterients, and
impruves OM accumulaton.
c. Diversified crop rotations
The rotation of crops is not only necessary to offer a diverse “diet” to the soil micro
organisms, but also for exploring different soil layers for nutrients that have been leached
to deeper layers that can be “recycled” by the crops in rotation. Furthermore, a diversity of
crops in rotation leads to a diverse soil flora and fauna. Crop rotation means that different
crops are alternated in the same field, preferably cereals (maize and wheat) followed by
legumes (beans). Cropping sequence and rotations involving legumes helps in minimal
rates of build-up of population of pest species, through life cycle disruption, biological
nitrogen fixation, control of off-site pollution and enhancing biodiversity (Kassam and
Friedrich; 2009; Dumanski et. al., 2006). Advantaes of crop rotation and intercropping: -
o Improvement of water use: crops with different rooting systems also utilize soil water
at different soil depths.
o Improve fertility and production: crops have different rooting patterns, which take up
nutrients at different soil depths. Rotations help to utilize soil nutrients more efficiently.
In addition, legumes fix nitrogen in the soil for the benefit of successive cereal crops in

a rotation, and



e Reduction of pests and diseases: different crops are susceptible to different disease and
pest agents. Therefor, growing such crops in rotation will reduce the incidence of

diseases and pests with no cost.

Hence, the main benefits of CA encompass reduction of soil erosion, conservation of soil
moisture in dry land areas, improvement of soil structure and nutrients, reducing labour
and energy, carbon sequestration and mitigation of climate change. Many studies claim
better crop yields even in the short term (Derpsch 2003; FAO 2008; Hobbs 2007).
However, the global distribution of CA showed that it is widely applied in South America,
North America, and Australia. These three continents cover about 96% of the CA practices
applied in the globe. Asia (2.3%), Europe (1.1%), and Africa (0.3%) share the smallest
proportion of the CA coverage.

Table 2.3. Global adoption of conservation agriculture systems

No. | Country Area (M ha) % of Global Area
1 USA 26.5 21.2
2 Brazil 25.5 20.4
3 Argentina 25.5 20.4
4 Australia 17.0 13.6
5 Canada 135 10.8
6 Russian Federation 4.5 3.6
7 China 3.1 2.5
8 Paraguay 2.4 1.9
9 Kazakhstan 1.6 1.3
10 Others 5.3 4.2
Total 124.8 100.0

Source: - FAQO, 2012.

Although Africa covers 20.2% of the global land and 15% of population, it constitutes
only 0.3% of the CA in the world. A wide variety of international organizations (e.g. FAO,
ICARDA, CIMMYT, ICRISAT, the African CT Network, etc.) actively promoted CA
with smallholder farmers in Africa. However, the adoption of CA by smallholder farmers
has been very low in Africa. (Giller et al. 2009) argued that several of the previously
introduced CA techniques do not ‘fit” within the majority of current smallholder farming
systems in Africa. Mulching can be difficult for smallholders as crop residue is
desperately needed as source of livestock feed (Erenstein 2002, 2003). Hence, alternative
sources of livestock feed should be introduced to promote crop residue mulching. In dry
areas, there is insufficient amounts of residues due to water shortage and degraded nature

of soil resources (Jat et al., 2012). Apart from that, herbicides and fertilizers are often



needed to realize the benefits of CA. Yet they are not available to smallholders in Africa
(Gowing and Palmer 2008). Smallholders are reluctant to adopt CA practices if they face
increased demands for labour to remove weeds during the first years of introduction
(Affholder et al., 2010). These all scenarios indicate that site-adapted and acceptable CA

technologies are required.

Conservation agriculture also uses or promotes where possible or needed various
management practices listed below: utilization of green manures cover crops (GMCC's) to
produce the residue cover; no burning of crop residues; integrated disease and pest
management; and controlled /limited human and mechanical traffic over agricultural soils.
Conservation agriculture is largely the product of the collective efforts of a number of
previous agricultural movements, including no-till agriculture, agroforestry, green
manures/cover crops, direct planting/seeding, and integrated pest management and
conservation tillage among many others. Yet CA is from each of these so-called
agricultural packages, even as it draws upon many of their core principles. This is because
CA uses many of the available technologies in agreement; resulting in something, many
believe to be much greater than the "sum of its parts.”

Conservation agriculture is an approach for designing and management of sustainable and
resource-conserving agricultural systems. It seeks to conserve, improve make more
efficient use of natural resources through integrated management of soil, water, crops, and
other biological resources in combination with selected external inputs. Such a
technological package represents a resource saving and efficient agriculture that
contributes to environmental conservation and at the same time enhances production on a
sustainable basis. Elements of CA include improved on farm water management,
minimum tillage, organic soil cover, direct seeding through the crop residue and
appropriate crop rotations to avoid disease and pest problems. Burning of crop residues, a
common practice in many areas further causes pollution, Greenhouse gas emission, and
loss of valuable plant nutrients. When crop residues are retain on the soil surface in
combination with no tillage, it initiates processes that lead to improved soil quality and
overall resource enhancement. Conservation agriculture has emerged as a new paradigm to
achieve goals of sustainable agricultural production. It is a major step towards transition to
sustainable agriculture. Therefore, benefits of CA are several folds. Direct benefits to
farmers include (1) reduced cost of cultivation through savings in labor, (2) time and farm

power, and (3) improved use efficiency resulting in reduced use of inputs. More



importantly, CA practices reduce resource degradation. Conservation agriculture leads to
sustainable improvements in efficient use of water and nutrients by improving nutrient
balance and availability, infiltration and retention by the soil, reducing water loss due to
evaporation, and improving the quality and availability of ground and surface water.

2.2. Conservation Agriculture in Ethiopia

The previous efforts of promoting CA techniques in Ethiopia focused on introducing
minimum tillage and zero tillage in association to herbicides mainly Roundup glyphosate
through mainly non-governmental organizations like SG 2000. With intensive applications
of fertilizers and roundup, substantial crop yields were obtain from implementations of CA
for teff and wheat in mid and high altitude areas of Ethiopia like Debre zeit and Gojjam.
Long-term field experiments in northern Ethiopia revealed that significant improvements
in crop yield could be observe after about three years of cropping with CA (Araya et al.,
2011).

The performance of the CA techniques, however, depends on the fertility status of the
soils and climate situations. Different field experiments carried out over six years period
showed that zero-tillage with application of herbicides gave no or marginal improvement
in yield of teff (Eragrostis tef [Zucc.] Trotter), wheat (Triticuma estivum L.) and lentils
(Lens culinaris Medikus) according to (Erkossa et al.2006). Those CA packages that have
been promoted in association with intensive fertilizer and herbicides uses could not be
adopt by the farmers in the absence of external funds, as the prices of herbicides and
fertilizers are not affordable by the smallholder farmers. On the other hand, there is a
growing concern on the environmental and human health implications of herbicides such
as Roundup in many parts of the World. Particularly, in biosphere reserve areas where
sustainable management and utilization of natural resources is a prime concern, there is a
need to develop appropriate CA techniques that can be implement without the application
of herbicides. There were successful experiences of promoting appropriate CT techniques
by synergizing indigenous knowledge of tillage and land management with improved
technologies in Ethiopia (Nyssen et al., 2011, Temesgen, 2007).

Other experiences showed that planning of appropriate CA techniques requires a scrutiny
of the socio-economic, institutional, and agro-ecological conditions of the target areas.

Farmers adapt and implement new technologies of CA with their own understanding and
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interpretation of the underlying principles and rationale, their own priorities and the
possibilities to integrate new approaches into their farming systems (Giller et al., 2011).
2.3. Conservation agriculture in the Lake Tana BR Area
The dominant soils in the Lake Tana BR areas are red soils that mainly cover the middle-
stream and upstream parts, and black soils that mainly cover the downstream parts.
However, these soils have been subject to improper land management that led to severe
soil erosion from the upstream and middle-stream parts, and siltation and water logging
problems in the downstream parts. Hence, sustainable use of the naturally and culturally
important watershed areas through introduction of site-adapted CA packages is of
paramount importance.
Conservation agriculture packages considered as one of the potential interventions to
sustain the Lake Tana BR areas. Accordingly, appropriate CA packages have been
developed in participatory processes and presented to stakeholders’ workshops that
comprised of experts from universities, research centers, development organizations, and
policy makers. Accordingly, two selected CA packages were demonesterated/
recommended for implementations in pilot kebeles and households.
The two CA packages are: 1) Conservation agriculture package for black soils (Vertisols)
that are located in the down stream and relatively flat plains 2) CA package for red soils
(Nitosols) that are mainly located in the upstream and middle-stream steep slope areas.
The rationale and the use of these two CA packages explained here under. The practice
of developing appropriate CA packages were initiated by selecting three woredas,
namely Gondar zuria, Bahir dar zuria, and North Achefer in the Lake Tana BR.
Accordingly; eleven volunteer households have been selected based on the suitability of
their lands to test the Arashwogel on red soils and Aybar BBM on black soils.

2.3.1. Demonstration of the CA tools

Beyond the pilot households, popularizations of the CA packages were under-taken by the
Nature and Biodiversity Conservation Union (NABU) project in collaboration with the
Ambhara Development Association (ADA) and the Amhara Regional Office of Agriculture.
The project has provided skill trainings for the frontline extension staff and experts from
ADA. The trained public extension staff and ADA experts had trained the farmers who
received the improved CA tools. The ADA has mainly Arashwogel distributed for 85
farmers in six kebeles and Aybar BBM distributed for 89 farmers in five kebele
(Table 2.4).
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Table2.4. The list of Intervention woredas and kebeles in the Lake Tana BR

Name of woredas Arashwogel distributed Aybar BBM distributed
Number of Number of Number of Number of
farmers kebeles farmer kebeles
Bahir Dar Zuria 77 4 82 3
North Achefer 3 1 5 1
Gondar Zuria 5 1 2 1
Total 85 6 89 5

Source: Woredas office of Agriculture, 2015

2.3.2. Capacity development through training:-

A training of trainers (TOT) approach has been employed to disseminate the knowledge
and skills on the use of the new CA packages. At the beginning in July 2015, frontline
extension staff received training (one expert from each of the three demonstration
weredas). The objective of training for these experts was to cascade down the knowledge
and skills to the smallholder farmers through coaching and mentoring approaches.
Moreover, the selected demonstration households have been trained for one day about the
new CA techniques in August 2015. The trained experts for proper implementation of the
CA packages have under taken continuous coaching and mentoring of these households.
The senior CA consultants have been undergoing coaching and mentoring of the woreda

level experts and the demonstration households.

Training also organized for potential stakeholders drawn from the ten woredas in the Lake
Tana UNESCO biosphere reserve. About 38 experts (including women) have attended the
training that organized at Wereta town, the capital of Fogera woreda, for one day on June
6, 2015. The training included both theoretical and practical aspects of the CA packages.
The theoretical aspect included the concept of CA, appropriate CA selections and the
potential of CA techniques in the Lake Tana BR area. During the theoretical and practical
sessions of the training, the participants have raised several questions and thorough
discussions under taken about the possibilities of disseminating the new CA packages field
days. As part of the knowledge sharing events, field days organized to share the best
experiences of CA packages to the non-intervention households (Figure 2.1 and 2.2).
Therefore, the effects of the CA packages in reducing surface runoff and soil erosion and
improving crop yields were been shared to several households living in the selected
kebeles and woredas through field days. NABU focal persons and the offices of
agriculture in the respective selected woredas have mainly facilitated these field days.

During October -November 2015, about 157 farmers and extension staff have attended
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field days in three woredas (Table 2.5). Several discussions were been under taken among
the farm households and woredas level experts about the merits and challenges for further
developments. Following these field days, hundreds of farm households have shown
strong interests to adopt the new CA packages.

Table 2.5. The number of farmers participated in field days at the three woredas

Name of Participant
woredas Farmers | Kebela | DA | Wereda Region From Total
leaders expert expert project
B/dar zuria 50 4 3 1 1 1 60
North achefr 30 5 3 1 1 1 41
Gonderzuria 46 3 4 1 1 1 56
Total 126 12 10 3 3 3 157

Source: Woredas office of Agriculture, 2015

o
Figure 2.1. Bahir Dar Zuria woredas Teff with conservation agriculture (left) and farmers' field day
(right) (Source:- Survey result from Woredas office of agricultur, 2015)
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Figure 2.2. Field day organized at Gondar Zuria woredas. (Source:- Survey result from woredas office of
agricultur, 2015)
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2.3.3. Participatory field evaluation of the technologies

Participatory evaluation of the new CA packages has been undertaken through
collaboration between NABU, woredas offices of agriculture, demonstration households
and the CA back-stoppers. In each of the elevn households’ farms, the new CA packages
were compared against the traditional practices. The evaluation encompassed, the effect of
the CA packages in reducing surface runoff and soil erosion from red soils, improving
crop productivity, reducing the labour requirement for farm operations and overall
perceptions of the smallholder farmers.

2.3.4. Installation of gerlach troughs

Two Gerlach troughs were installed at two volunteer farm households at Gondar Zuria
woreda to determine the amount of surface runoff and soil erosion to compare filed tilled
by CT implements and traditional Maresha (July and August 2015). Experts from woredas
and regional BoA provided with proper skill trainings on installation of the Gerlach
troughs and proper data measurement techniques. Measurements have been undertaken on
surface runoff and amount of silt collected at the end of the field plots following each

A e

rainfall events during the crop-growing season (Figure 2.3).

Figure 2.3. Gerlach trough installed on demonstration plotsat Bahir Dar Zuria woreda in the
Lake Tana BR

2.3.5. Aybar BBM integrated with crop rotation in black soils

The most important challenges in black soils encompass water logging during the rainy
season, soil erosion, and fertility decline due to crop residue harvest and minimum level of
rotation between cereals and legumes. Much of the black soils in the proposed Lake Tana
BR are being used for finger millet. When the black soils used for the production of finger
millet, which requires long growing season, it is difficult to practice crop rotation of
cereals with legumes. This is mainly due to lack of proper surface water draining
technique in black soils. Rotation of cereals with legumes in one year is possible if farmers
apply proper surface drainage technology, which enables them to rotate cereals with
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legumes in one year through double cropping. Double cropping extends the length of
period during which the soil remains covered with live crops and crop residues in addition
to boosting farmers’ income. Surface drainage of the black soils requires the use of an
implement called Broad Bed Maker (BBM) (figure 2.4). Aybar BBM is a testified and
well-accepted CA implement to drain black soils. Proper drainage of black soils will
enable to apply early planting of teff or wheat thus giving enough time to grow legumes
(chickpea and grass peas) as rotational crops within the same year. The presence of a crop
cover during both the rainy and dry seasons will reduce the susceptibility of the soils to
erosion. In this package, part of the residues from legumes could retain on the farm to
reclaim the soil fertility. Currently, the farmers harvest all the biomass of the legumes
(grass pea and chickpea) except the roots. Hence, the farmers initiated to harvest all the
crop residues of the cereals and some portion of the residues from the legumes to mix and
feed their livestock. Thus the livestock will get both carbohydrate and protein sources. The
rest of the legume leftover distributed on the farm enhances the fertility of the soil by
improving its nitrogen content. It was learnt that continuous growing of grass peas without
rotation causes pest and disease prevalence. Thus to reduce this problem, rotational
cropping is recommended in this package. Accordingly, both the cereals (teff and wheat)
and legumes (chickpea and grass pea) rotated during the consecutive years. For instance, a
farmer may grow Teff (during June/July-September/ October) and Chickpea (during
October- February) in year one. In year two, he/she will grow wheat (during June-
September/October) and grass pea (during October-September). Accordingly, both cereal
and legume crops are rotated during the consecutive years thus reducing the susceptibility
to pest and diseases in one hand and enhancing the soil fertility in the other hand.
Therefore, the most appropriate interventions are early planting of the cereal crop followed
by planting of another variety by using the residual moisture after surface drainage using
Aybar BBM.

Figure 2.4. Aybar BBM used forproperly;drainig black soils
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2.3.6. Use of Arashwogel in red soils

The most important challenges in red soils are associated with the continuous cross
ploughing and repeated tillage using the traditional "Maresha" plough to complete the
unfinished ‘V’ shaped furrows. The practice of cross-ploughing using the "Maresha™ has
also affected the adoption of the SWC measures like bunds and terraces as they obstruct
cross ploughing.

’

To alleviate these challenges in red soils, recently a new tillage implement, ‘Arashwogel
has been developing (figure 2.5). It was design in such a way that it can remove the weeds
and grasses by its sharp wings in one pass thus avoiding the need for cross plowing.
Where high weed infestation is a problem, farmers can use Arashwogel to reduce tillage
frequency and to improve weed control. Hence, the application of the Arashwogel can
reduce the frequency of tillage and hence reduce the soil’s susceptibility to erosion by
water. It will be an opportunity to promote contour plowing and enhance the adoption of
physical soil conservation structures under sloping lands. This is in line with the current
government-led watershed development mainly through the promotion of physical soil and
water conservation measures like bunds and terraces. Moreover, the Arashwogel can
contribute to reduced oxidation of organic matter due to reduced tillage frequency. The
number of tillage before sowing of the cereals will not be more than two at a maximum

while using Arashwogel.

Figure 2.5. Conservation tillage (left) and practical training of participants on CA (right).

2.4. Concepts and Overview of Soil Erosion
Soil erosion accounts for the major forms of land degradation in developing countries, and
it is difficult to isolate and measure its impact on productivity even when the means and

resources are available (Ayalneh, 2002). The amount of soil erosion, which occurs under a
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given condition, influenced not only by the nature of the soil itself but also by the

treatment or management, it receives.

Countries like Ethiopia whose economy is depend on agricultural resource base,
environmental degradation that takes in the form of soil nutrient depletion causes loss of
food production potential. Reversal of the erosion induced agricultural productivity
decline, and ensuring adequate food supplies to the fast growing population in this
countries, posit a formidable challenge (Bekele and Holden, 1998). Agronomic studies
suggest that soil erosion reduces crop yields by an average of 0.3% per year if all other
factors are remaining constant (Berry et al., 2003). Soil erosion has caused widespread
ecological damage. Such marks of erosion as a wide spread rock outs crop, shallow and
very shallow soil, denuded slopes, strong surface, series of deep gullies at the bottom of
steep slope culluvail and alluvial accumulations are common features of the highlands,

particularly in the northern part of the country (Hurni, 1995).

In general, soil erosion has both on site and off site effects. The on- site effect comes due
to loss in soil productive capacity, causing either reduced outputs or the need to increase
input to achieve the same yield level. Off-site costs refer to the indirect effects of soil
degradation, and usually take the form of externalities. Most off site costs can be traced by
the effect of silt; soil nutrients washed into surface water or leached into subterranean

aquifers by rainfall and irrigation or run off (Bishop, 1992).

Results of research show that soil and water conservation investments perform differently
in different rainfall areas and regions of Ethiopia, which underscores the importance of
careful geographical targeting when promoting and scaling up soil and water conservation
technologies (Kato et al., 2009).

In the Sub-Saharan Africa (SSA), the major agents of land degradation are water, wind,
chemical degradation, and others that affected soil loss by 47, 36, 12, and 5% respectivel.
According to the Global Assessment of Soil Degradation (GLASOD, 1990), about 2
billion hectares of land are affected by human induced soil degradation, where water
erosion is responsible for the biggest share of this degradation which is estimated about
58-60%. The direct cause of land degradation include, cultivation of slope and fragile soil
with inadequate investment in soil and water conservation or vegetation cover, erratic and

erosive rain fall pattern, declining use of fallow, limited recycling of dung and crop
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residues to soil, limited application of external sources of plant nutrients, deforestation

inapproprite plowing and over grazing (Lakew et al.,2000).

In the high lands, there are multiple interacting forces, which have caused and are causing
land degradation in Ethiopia. The proximate causes include clearing of woodlands and
forests, unsustainable arable farming techniques, the use of dung and crop residues for
fuel, farming system up down or sloppy / inapproprite plowing and overstocking of
grazing lands (Berry, 2003). Soil nutrient mining resulting from shortening of fallows and
very low use of fertilizers endemic across much of Sub-Saharan Africa, in addition over
grazing and degradation of pastoral areas wide spread in much of the steppe of North
Africa, the Middle East and Central Asia, and the Sahel (WB, 2008).

Low profitability of agricultural production, rapid population growth and pressure on the
resource base, poverty, high cost and limited access to agricultural input and credit,
fragmented land holding, short time perspective of farmers and lack of information about

appropriate technology are believed to have contributed to land degradation.

Non-adoption of soil and water conservation practices, improper crop rotation, use of
marginal land, insufficient and/or excessive use of fertilizers, mismanagement of irrigation
schemes and over pumping of ground water were also recorded as cause of soil erosion in
Sub-Saharan African countries (FAO, 2001).

In the central highlands, faulty drainage practices on farm slopes have created a collapse
of fertile farmland leading to severe soil erosion. Such practices are common on fields
occupied with cereal crops (Girma, 2001). Farmers believe, this type of drainage will
remove excess water during the heavy rainy season from farmland and serve as
waterways. Eventually this type of practice enhances formation of small gullies on

farmland.

Population growth considered as a prime cause of environmental degradation (Atakilite
Beyene.2003). It forces farmers to cultivate marginal land (FAO, 1995). According to
(CSA 2014/15), with current trend of population growth rate of 2.4%, there is a poor
prospect for ecological sustainability and economic viability of the current agricultural
practice unless an effort is made to integrated development in family planning,
environmental rehabilitation, and agriculture supported with enabling policy (Yohannes,

1999). Man has accelerated soil erosion by reducing and removing the vegetation cover,
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and by employing poor cultivation practices, destroyed the original crumb structure, and

depleted the nutrient make up of the soil (Thomas, 1997).

Security of tenure will lengthen the planning horizon or lower the effective discount rate.
On the other hand, if property rights are ill defined, or are not enforceable, a mining
strategy based on rapid exhaustion of soil fertility will be adopted (Lapar and Pandey,
1999). Land redistribution aggravates land degradation through decreasing fallowing.
Similar to this, population growth is associated with reduced use of manure, probably
because population pressure increases demand for manure as a fuel (Pender et al., 2001).

2.5. Problem and Consequence of Soil Erosion

Land degradation mainly due to soil erosion and nutrient depletion, has become the most
important environmental problems in the country together with poverty, fast-growing
population, policy failures and social unrest. Land degradation poses a serious threat to
national and household food security (Bekele and Holden, 1998). Soil degradation is a
major environmental problem causing widespread and serious impacts on water quality,
biodiversity and the emission of climate changing greenhouse gases (FAO, 2001).

During the dry season, wind erosion is severe in arid and semiarid regions. In the rainy
season water erosion and tillage, erosion removes soil layers and carries them away from
farmer’s fields to bodies of water or other land, which results in the loss of valuable

nutrients necessary for crops to grow (Girma Taddese, 2001).

According to (FAO. 1986), available estimates on economic impact of soil conservation
for three agro ecological zones in Ethiopia, indicated an annual on site productivity loss of
2.2% from the 1985 yield level. (Constable .1984) has also indicated that proper measures
are not taken and the present (1983/84) rates of soil erosion be allowed to continue the
national cost of soil degradation in the highlands alone would amount to about 15,261
million Ethiopian Birr by 2010, of which, 77.8% would be due to decrease in crop

production and 22.2% decreased livestock production.
2.6. Farmer’s Perception towards Soil Erosion and Adoptions of Control Mechanism

The current economic theory of adoption are based on the assumption that the potential
adopter makes a choice based on the maximization of expected utility subject to prices,
policies, personal characteristics, and natural resource assets (Caswell et al.,2001).

Farmers who move from traditional practice to application of new technologies for a
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variety of reasons, they may recognize a more efficient and profitable way to produce or
they may experience a problem and in an attempt to find solutions arrive at a new practice.
Improved management ability, sufficient household resources related to labor and stable
tenure status are factors that give a farmer the capacity to act, and are important for the
implementation of most of the conservation practices (Chomba, 2004). Land productivity
determines total food production, incentives for land use change, returns to landowners,
and consumer food prices (Wiebe, 2003). Addressing conditions inhibiting financial
incentives arising from reduced production costs and accessibility to source of support
services would positively influence farmers to implement conservation farming and other
sets of practices (Chomba, 2004). In addition, building management capability (human
capital) through farmer training at the same time ensuring no drain on human capital due

to mortalities would also improve the adoption of conservation practice.
2.7. Soil and Water Conservation Efforts in Ethiopia

The importance of soil conservation was largely neglected in Ethiopia prior to 1974. The
problem attacted the attention of policy makers and international donors only after the
disastrous drought and famine of 1974. An effort to halt the problem of soil erosion
starsed after the Ethiopian government initiated massive soil consevation progerams
following the 1975 land reform. A large number of conservation and afforestation projects
undertaken by food-for-work (FFW) progeram (Hurni 1988). This massive campaign in
soil conservation under FFW did not bring a wide dissemination and adoption of the
practices by farmers. This is because farmers' constructed SWC practices during the
campaign, but they had no interest to implement or expand these with out FFW (Shiferaw
and Holden 1998). Between 1995 and 2009, soil conservation activities have been
undertaken as part of the agricultural extension package of the present government
through mass mobilization with atop-down approach and with out incentives for the time
farmers spent on SWC activities. The apperoach was to construct conservation measures at

individual level but not at watershed level (Teshome, et al, 2015).

Farmers in the northern, central, and southern part of Ethiopia; construct stone terraces on
their sloping lands to protect them from erosion and land sliding. However, in most cases
vegetative cover (Girma, 2001) does not protect the terraces. Moreover, the structures
constructed with faulty drainage systems on farm slopes that have created a collapse of

fertile farmland, leading to severe soil erosion.

20



In Amhara Region, to mitigate the problem of soil erosion, action has been taken by
different stakeholders in different places and time, i.e. started FFW, then Employment
Generating Scheme (EGS), the current Safety Net Program (SNP) ) started from1995 up to
Know, and community participation as a whole. Since, according to the report of BoFED
(2014/15) about 710,443 ha of terraces, 147,163 kms of check dams have constructed to
treat degraded lands in different areas of the region. However, after two decades of
implementation, different stakeholders and researchers, who had conducted evaluation
of the adoption and diffusion of introduced soil conservation technologies in some areas
of the region come to similar conclusion that land degradation is still a wide spread and
serious problem with wide spread intervention (Yohannes,1999). Some of the reasons for
the failures classified under; socioeconomic, institutional and mainly lack of implementing

local specific participatory technology.

Betru (2002) identified in Amhara, at the regional level, 27 types of indigenous SWC
practices. Construction of traditional ditches in the highlands of east and west Gojjam
known as "fesses" level bund around Dessie, contour planting of perennials around Bati,
contour-cultivation in many sloppy areas, agricultural trees in the farm areas, and others
indigenous skills are practiced in the region. However, soil erosion is still a serious
problem in the highlands of Ethiopia including in the study area of Lake Tana water shade

basin.
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CHAPTER TRREE: - MATERIAL AND METHODS

3.1. Description of the study area

The study was under taken in three-selected woredas (North Achefer, Bahir dar zuria, and
Gondar zuria woredas). One kebele from each woredas was selected. These woredas and
kebeles selected because of their specific experience with CA activities. The national and

regional context of the BR illustrated as below (Figure 3.1 and 3.2).

« North Achefer woreda is located at N11°, 41,733 latitude and E°35°, 56,338 longitudes.
Number of population of the woreda is 109337(male) and 104983 (female) and the total
is 214324. The topography type of the woreda consists of 65% plain, 25% mountains,
and 10% others. The major soil types include Vertisols (17%), Nitosols (80%), and
Cambisols (3%). Climatic conditions the woreda divided into two agro-climatic zones
namely midland (Weynadega) 75% and lowland (Kolla) 25%. Altitude ranges from
2035m above sea level. Average annual rainfall is 900-1400 mm rainy season. The rainy
season for the area is from beginning of May up to January. Temperature varies between
the mean annual maximum of 25°C and mean annual minimum of 18°C across the
elevation gradient. The farming system is a mixed agriculture under rain-fed farming
system supplemented with traditional irrigation. Irrigation facilities are limited to few
locations depending upon the availability of suitable sites for traditional irrigation. The
major annual crops grown in the study area are maze, finger millet, tef, and noug. The
woreda occupied total areas of 104,529 ha of which, 43,521 ha is cultivated land in the
flats, and 5,435 ha is forests, woodland and bushes; and 26,432 ha is grazing lands in
steep slopes. From the total, 6,027ha are for other purpose and 15,968ha and cover by
water 388 ha is out off use.

e Bahirdar Zuria woreda is located at N11°36'409" latitude and E37°56'338" longitudes.
Number of population of the woreda is 93,642 (male) and 89,088 (female) and the total
is 182,730(CSA, 2008). Urban inhabitants were not included reported. The topography
type in woreda 88.1% plain and 11.8% mountains. The major soil types include
Vertisols (56%), Nitosols (34%), and Cambisols (10%). Climatic conditions of woreda
is divided into one agro-climatic zones namely 60% highland wet Weynadega and 40%
moist Weynadega. Altitude ranges from 1750-2300 m above sea level. Average annual
rainfall is 1201-1600mm rainy season. The rainy season for the area is from beginning

of May up to end of October. Temperature varies between the mean annual maximum of
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32°C and mean annual minimum of 10°C across the elevation gradient. The farming
system is a mixed agriculture under rain-fed farming system supplemented with
traditional irrigation. Irrigation facilities are limited to few locations depending upon the
availability of suitable sites for traditional irrigation. The major annual crops grown in
the study area are wheat, barley, millet, teff, finger millat, & maize. The woreda
occupied total areas of 128,290ha of which, 59518.38ha is cultivated land in the
flats,15,943.44ha is forests, woodland and bushes; 33,293.67ha is grazing lands in steep
slopes,11,250.75ha constriction,6,178.54ha and cover by water and water body 2105.06
ha others.

Gonder Zuria woreda is located at N 12°23'113" latitude and E 37°33'137" longitudes.
The relief type in woreda consists of 65% plain, 25% mountains, and 10% others. The
major soil types include Vertisols (45%), Nitosols (20%), and Cambisols (35%).
Climatic conditions in woreda divided into two agro-climatic zones namely 22%
highland (Dega) and 78% midland (Weynadega). Altitude ranges from 1800-2700m
above sea level. Average annual rainfall is 950-1035mm rainy season. The rainy season
for the area is from beginning of May up to end of October. Temperature varies between
the mean annual maximum of 33°C and mean annual minimum of 24°C across the
elevation gradient. The farming system is a mixed agriculture under rain-fed farming
system supplemented with traditional irrigation. Irrigation facilities are limited to few
locations depending upon the availability of suitable sites for traditional irrigation. The
major annual crops grown in the study area are maize, finger millet, barley, potato, tef,
and noug. The woreda occupied total areas of 114,562ha of which, 72,750ha is
cultivated land in the flats, 11,073ha is forests, woodland and bushes; 17,026ha is

grazing lands in steep slopes , 8,643ha constriction and 5,070ha others .

Lake Tana Biosphere; The study was conducted in Lake Tana BR area that
encompasses the terrestrial land area around the Lake Tana. Although the total area of
Lake Tana watershed encompasses about 21 woredas with a total area of 15,096km?, the
Lake Tana BR includes only some part of the ten weredas around the lake with strong
ecological, environmental, and socio-economic linkages to the lake itself (Heide, 2012;
Teshome et al., Mengistu et.al. and Yitaferu et.al. 2009). The ten woredas that are
included in the proposed Lake Tana BR are Derra, Fogera, Libo Kemkem, Gondar
Zuria, Dembia, Takusa, Alefa, Bahirdar city, Bahirdar Zuria, and North Achefer. The
Lake Tana BR is geographically located at 10°58°-12°47 northern latitude and 36°45 -
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38°14 eastern longitude. (Lake Tana Reserve is located between geographical
coordinates of: Most central points of 11°54°29.6’’N and 37°20°40.65”’E, Northern most
point 12°29°18.53’’N and 37°31°20.94’E, Southern most point 11°25°7.66’’N and
37°31°19.76’E, Western most point 11°59°57.73°’N and 36°54°1.46’E and Eastern
most point 12°7°25.80°’N and 37°47°20.54°E.).

Lake Tana being the largest lake in Ethiopia, it has a surface area of 3,156 km? at an
elevation 1,840 m.a.s.l. The lake is the main source of the Blue Nile River, which is also
the main contributor of the Nile River, the longest river in the world. Cultivated lands
cover more than 55% of the Lake Tana watershed area (WBISPP, 2002). The agricultural
system in the area was dominated by cereal-based system with an insignificant share by
perennials. In association with continued conversion from natural forests and grasslands to
croplands, there is currently an acute shortage of biomass for household energy and feed
for livestock. Consequently, the farmers are using the crop residues as sources of
household energy and livestock feed. This has triggered soil fertility decline and soil
erosion. In the rugged topographic settings of the Lake Tana watershed area, soil erosion,
and land degradation are the major challenges that affect both agricultural productivity,

wetland sustainability and the lake hydrology.

Most of the wet lands are been converted in to croplands. In response to incessant human
pressure on the Lake Tana BR, the environmentally beneficial areas have been degraded.
Some wetlands that used as shelters for local and migratory birds have become at the risk
of loss. Upstream deforestation coupled with improper land management in the steep slope
areas of the upper catchments has caused severe soil erosion and downstream siltation on
the lake. Generally, the ongoing severe ecosystem and land degradation processes need to
be reversed through introduction of sustainable land management and conservation
techniques through concerted efforts by various actors in collaboration with the local

community. The various areas or zones constitute the following:

» Core area of 22,841.58%9ha

The core area comprises entire ecosystems and sites of immense scientific importance in
terms of biodiversity, unique habitats, species, and populations. In particular, the plain
water areas, reed belts, and wetlands will contribute to the preservation of feeding and
resting grounds for highly threatened fish and bird species (e.g. Black Crowned Crane).
Therefore, the core area covers namely major parts of Lake Tana's water body, its primary

wetlands, flood plains, grasslands and supporting rivers, islands like Aba Germia Island,
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parts of Deq (Dek or Deke) Island and Zegie Peninsula,forest remnants including dry and
high forests, river mouths as seasonal closures,Important bird areas and Bahir Dar Blue

Nile Millennium Park.

» Buffer area of 188,212.768 ha

The buffer area also comprises entire ecosystems and sites of scientific importance and
embeds ecological sensitive core zones. These sites and ecosystems fall within communal
and publicly owned land and aquatic sites where non-consumptive and partly consumptive
uses are practice. The Buffer area includes in particular church forests, lakeshores with
traditional fishery and traditionally used wetlands as well as islands, ecological corridors,

and irrigation dam areas.

» Transition area of 486,146.640 ha

The transition area comprises the man made (cultural) environments where consumptive
land-uses practiced with specific reference to crop cultivation, water transportation routes,
harbor areas, and where the highest settlements densities occur. Collectively, the above-
stipulated zones of the biosphere reserve are representative of the area's natural and
cultural distinctive features and appropriate in size to maintain the integrity of the region's

biological communities, habitats, and ecosystems and to preserve its cultural values.

25



The national and regional context of the BR illustrated as below. (fig.3.1 and 3.2)
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Figure 3.1. Location map of Tana basin in Amhara Region
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Colby College
Environmental Studies Program
International Environmental Policy Capstone Fall 2015

Figure3.2. Map of Woredas-Bordering Lake Tana and study area
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3.2. Method of Data Collection

A combination of key informants interviews, focus group discussions, and household
surveys used to collect data. Moreover, the costs and benefits associate with the
implementation of the improve tillage techniques (Arashwogel and Aybar BBM) were
collected from woredas agricultural offices. Data require for the different tillage
treatments (Arashwogel Vs control and Aybar BBM Vs control) were also collected on
time. The labor requirement for weeding and the crop yields (grain and biomass), prices of
inputs and crops on which the technology was evaluated were collected local costs of
renting oxen and labor, time required for the different operations particularly tillage and
weeding was recorded. Data on local costs of renting oxen and labor, time required were

also collced.

Primary data were collected from kebela DA's office who served for longtime in the study
area and from those who have experience on the new technology, and more importantly
from farmers who are best experienced. Secondary data were collected from different
published and unpublished documents of BoFED, NABU, and BoA (woreda, zone, and
region level).

Combinations of methods employed to examine the existing farming system and CA
practices and, identify the major challenges and opportunities of CA packages. The
different methods and approaches that employed during this study are presents here in.

3.2.1. Review of secondary sources, reconnaissance survey and key informant

interviews

A review of secondary source was under taken to examine the global, regional, and
national experiences of CA development efforts. Hence, scientific articles, conference
proceedings, and development reports reviewed. Moreover, relevant information about the
Lake Tana basin area and the biosphere reserve assessed to examine the land-use and land
cover changes, farming systems, indigenous tillage and land management practices and
challenges and opportunities for further developments. The key informant interviewee's
encompassed farmers, DAs, regional experts at the bureau of agriculture and staffs from
the regional agricultural research institute. Based on reconnaissance field visits, it was able

to grasp the over view of the CA practices.
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3.2.2. Focus group discussions

Based on prior selection of the three representative woredas where in-depth studies under
taken, focus group discussions (FGDs) were held at all selected woreds (North Achefer,
Bahirdar zuria, and Gondar Zuria woredas). The people include in the FGDs encompassed
household heads female, male, mixed farmer, and expert in the study area. Hence,
thorough discussions were undertaken on issues relate to cropping patterns, crop rotation,
crop residue management, livestock keeping and feed sources, existing land management
and tillage practices, etc. The outcome of the FGDs used to develop a full-blown

questionnaire.

3.2.3. Questionnaire survey

Based on the outcomes of the key informants interviews and FGDs, a questionnaire was
developed for formal surveying. The issues examine through the questionnaire survey
include socio-economic characteristics, existing cropping patterns, livestock production
and feeding systems, indigenous tillage and other land management systems, challenges
and opportunities for further introduction and development of CA techniques. Therefore,
90 households randomly selected for interview from three woredas (Gondar Zuria, North
Achefer, and Bahir Dar Zuria woredas) in the Lake Tana BR area. Hence, there were thirty
households from each of the aforementioned woredas. Enumerators were trained
intensively on the sampling and interview techniques. Both qualitative and quantitative
data were collected from July-December 2015 to have an overall view of the study area
land use and land management in CA including the status of agricultural land degradation
and cause of degradation, type of control measures and efficiency. Information collected
concerning biophysical, socio-economic, technological, and institutional features of the
area and the perception of farmers about Arashwogel and Aybar BBM. In addition,
specific data on crop type and vyield, type of livestock and output produce application of
organic and inorganic fertilizer collected. The questionnaire was first pretested with five to
seven selected farmers and based on the result of the pre test some modifications made on

the questionnaire before implementing the formal survey.

3.3. List of Materials used
The following materials were used to carry out measurements in the field work. That is

tape meter, GPS, sensitive balances, pegs, water level, and rop.
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3.4. Method of Data Analysis

The collected data entered into Statistical Package for Social Science (SPSS version 20)
computer program for analysis. Qualitative data were analyzed using different qualitative
procedures and methods. Descriptive tools were supplement by qualitative analytical
methods (mainly for those data obtain through the participatory/qualitative methods) like
interpretation and explanation of various opinions, views and concepts; and summarizing,
categorizing, and presentation of these in convenient forms. Descriptive statistical tools
used to analyze the quantitative data. Descriptive statistics such as mean, standard
deviation, percentage, and frequency and some tests such as the chi-square and t-test were
used.

3.5. Soil and water loss measurement and crop yields measured from farm field

under CA and Control

Nine pilot households three from each selected weredas (Bahirdar Zuria, North Achefer,
and Gonder Zuria) depending on their appropriateness to represent the types of soils and
cropping patterns for the demonstration of the selected CA packages. The runoff
measurement tool provided to the office of agriculture to measure runoff. The runoff
measured from the farm fields where CA practiced and from the conveational field
measured and the result presented here under. Crop yields measured from plots treated
with the selected CA packages and the adjacent control plots during the crop growing
seasons (July-December 2015). Hence, yields of teff, maize, and barley were measure
during the main cropping seasons and yields of grass pea and chickpea that grown using
the residual moisture in the black soils have been determined during the dry season. The
yields were measure by taking the area of quadrants (4m?) from each of the demonstration

plots.

29



CHAPTER FOUR: - RESULTS AND DISCUSSION

This chapter deals with the analyses of the survey data and interpretation of the major
analytical findings. As already noted, the finding of a structured questionnaire
administered to 90 sample households for the study of the attitude/adoption of CA
technology is presented. Demographic variables of farm households, the attitude of
farmers about Aybar BBM and Arashwogel technologies for CA, challenges and
opportunities for the development of site-adapted CA techniques (Aybar BBM and
Arashwogel technologies) will be analysed. Knowledge sharing among farmers in
adoption of CA technology, description of factors affecting CA technology based on the
interpretation of the output of T-test and chi-test that leads to the conclusion and

recommendation are presented.

4.1. Socio-economic characteristics, farming systems and land management

The outcome of the focus group discussions and questionnaire survey that rain-fed cereal
crop farming and livestock rearing are the major sources of livelihood for the farm
households in the proposed Lake Tana BR area. The most important crops grown in the
red soils encompass sorghum, finger millet, maize, teff, nuger seed, and faba beans. On
the other hand, the most important crops grown in the black soils encompass finger millet,
teff, chickpea, grass pea, rice, sorghum, and sunflower. All of the respondents (N = 90) or
100% own more than one cattle. All of the respondents said that livestock feed is a major
problem for livestock rearing and they use crop residues as a sources of feed during the

dry season.

Soil erosion and fertility decline, waterlogging problems in black soils and water scarcity
during the growing season in red soils mentioned as the major challenges that affect their
improved and sustained agricultural productivity in the area. Moreover, shortage of
farmland, shortage of capital to invest on inputs, market problem and labor shortage were
also described as causes against increasing productivity and ensuring household food
security. All the respondents believed that soil erosion has increased over the years in the

Lake Tana watershed.

All the respondents believed that tillage is a very important land management practice
without which crop production is impossible. They apply the consecutive cross plowing by
the traditional Maresha to complete the untilled soils due to the ‘V’shaped incomplete
furrows (Figure 4.1). Because of incomplete plowing, farmers have to do repeated tillage
in order to produce a fine seedbed especially for tef. As a result, the soil excessively
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pulverized resulting in a poor structure (crust formation, compaction, etc.). The survey
revealed that the frequency of tillage varies with the types of soils and crops (Table 4.1).
The lower number of tillage frequency for chickpea and grasspea could be explained by
the fact that these crops are mostly considered as secondary crops grown during the dry
season. Becouse of workability problem of black soil as chickpea and grasspea are mostly

planted on black soil.

Figure 4.1. Pictorial representations of the traditional Maresha implement and the ‘V’shaped
furrow made by the Maresha tillage

Table 4.1.Mean frequency of tillage for different types of crops and soil types in the Lake

Tana BR
Crop type Mean Tillage frequency
Red soils Black soils
Maize 5 4
Teff 5 4
Finger Millet 5 4
Chick pea and grass pea 2 1

Source: Survay result, 2015

In all the surveyed woredas, all the respondents believed that leaving crop residues on the
farm enhances crop yields. However, only 19% of the respondents leave all or part of the
crop residue on the farm to enhance the fertility of their land. In Bahr Dar Zuria woreda,
farmers leave crop residues of nigger seed in the field especially if the next crop is maize.
They believe that the residue of nigger seed improves soil fertility and maize seedlings can
still emerge in the presence of the crop residues. Farmers believe that it is not possible to
plant finger millet in fields where maize stocks left due to various reasons. Seeds of finger
millet can fall on maize stocks and hence fail to germinate. Moreover, maize stocks harbor
pests such as stock borers. It is difficult to prepare seedbed for finger millet in the presence
of maize stocks, as the latter requires well-prepared seedbed like teff. There is a low level
of intercropping in the Lake-Tana watershed area. Intercropping of maize with rape seed

were suggested by 8% of the respondents accordingly.
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e Marital status, sex, and age of the respondents

The distributions of sample household heads by sex constitute 89 male and 1 female. The
age composition of sample respondents were found to be 7.8%, 57.8%, 32.2% and 2.2%
for the age less than or equal to 30, between 31 and 45, between 46 and 60 and age above
61 respectively. The mean age of the household heads were found to be 48. The maximum
age observed was 68 and the minimum was 28 year.

e Family size

In the study area, household head with family size of less than or equal to 2 members
constitutes 4.4%; 3 to 5 members constitute 35.6 %; 6 to 10 members constitute 58.9%
and 11 and above members constitutes 1.1% (Table 4.2). The average family size of North
Achefer kebele found to be 7.16; Bahir Dar Zuria kebele found 5.03 and that of Gonder
Zuria kebele was 6.56. The maximum and the minimum household size were 11 and 1
person.

Table 4.2: Distribution of sample households by family size

Family woreda
size North Achefer Bahir dar zuria Gonder zuria Total households
Household No.| % |Household No.| % | Household No.| % |Household No.| %

<2 1 3.33 3 10 0 4 4.4
3-5 6 20 15 50 11 36.67 32 35.6
6-10 22 73.33 12 40 19 63.33 53 58.9
>10 1 3.33 0 0 1 11
mean 7.16 5.03 6.56 6.25

Source: Survey result, 2015

e Education status

As educational status of a household head increases, it assumed to increase the transfer of
relevant information and as a result increase farmers’ knowledge about the cause, severity,
and consequence of land degradation. Education enables farmers to tackle land
degradation using various ways of soil fertility improving practices, traditional and
introduced soil conserving technologies. For the sample households it found that 43.33%
are able to literate and 56.67% illiterate (Table 4.3).
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Table 4.3: Distribution of household head by education status

No. Woredas Literate Illiterate
No % No %
1 | North Achefer 14 46.67 16 53.33
2 | Bahir dar zuria 11 28.21 19 63.34
3 | Gonder zuria 14 46.67 16 53.33
Total 39 43.33 51 56.67
% 39 51

Source: Survey result, 2015

4.2. Challenges and opportunities for the development of site-adapted CA techniques
Potential challenges and opportunities for possible developments of CA techniques
identified through focus group discussions and questionnaire survey in the Lake Tana
watershed areas. Potential CA technologies (Reduced/minimum tillage, Crop rotation,
Maintaining soil cover, and Soil conservation structures (SCS)) against the potential
challenges and opportunities for development in the Lake Tana watershed areas:-

Challenges and constraints:-

e The traditional tillage implement, Maresha, creates V-shaped furrows that leave
unplowed strips of land between furrows. As a result, farmers forced to orient their next
plowing direction perpendicular to the first, i.e., cross plowing. Cross plowing forces
farmers to increase tillage frequency. It also leads to orientation of furrows along or
nearly along the slope there by aggravating rill formation and hence soil erosion due to

increased flow momentum.

In waterlogged fields (Vertisols), farmers find it difficult to practice double cropping
(e.g.wheat—chickpea) as they have to wait until the excess water drained, which means
losing the main cropping season during which they could grow cereals to follow by

legumes.

Use of crop residues for livestock feed and household energy coupled with communal
grazing after harvest makes leaving crop residues difficult in the field to maintain soil
cover. Moreover, water logging problem in black soils forces farmers to wait until
September to plant chickpea. The soil exposed to erosion during July and August as
farmers keep on plowing. On the other hand, leaving crop residues may enhance pest

and disease prevalence.
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e Many farmers destroy SCS because they think their cropland is wasted and because it is
difficult to undertake traditional cross plowing between SCS using the traditional

Maresha implement.

Opportunities: -

e A recently developed plow called Arashwogel makes it possible to avoid cross plowing
there by reducing tillage frequency. Arashwogel is equipped with sharp wings that cut
the strips of land left by Maresha and creates invisible barriers that control water flow

along the slope leading to reduced surface runoff and soil erosion.

e Farmers can drain excess water using Aybar BBM technology, which enables them to
plant cereals early in the season. The cereal crop harvested and legumes can be grown
using the residual moisture. Extended period of soil cover reduces soil erosion and

increases carbon sequestration

e In areas close to the lake, farmers can plant agro ecology specific multi-purpose trees
(MPTSs) such as pigeon pea to maintain soil cover during the dry season and use the leaf
as protein supplement for livestock. In black soils, use of Aybar BBM technology to
drain excess water there by allowing early planting of cereals can increase the length of
time when the soil covered with crop. If the farmers grow improved fodder (grasses and
legumes), they can leave some part of the crop residue, especially stubble, to maintain
the soil fertility and reduce its susceptibility to erosion. To reduce the prevalence of
pest and diseases, both the cereals and legumes can be rotated. For instance, Teff and

Chickpea in the first year and wheat and grass pea in the next year

e Forage crops grown on SCS to improve productivity of “lost” cropland. The recently
developed plow, Arashwogel, enables farmers effectively under take tillage parallel to
the SCS. By leaving invisible barriers and hence retarding water movement along the
slope, Arashwogel, reduces water flow to the SCS there by increasing their life span.
Growing fodder grasses and legumes on the SCS as if bunds and terraces will also

increase availability of livestock feed.

According to the focus group discussion, it was agreed that red soils with moderate and
steep slopes, the main concern is soil erosion. Farmers practice repeated cross plowing in
these soils depending on the type of crop to be grown. Although farmers are aware of the
disadvantages of cross plowing which aggravates soil erosion, they cannot avoid it. The

use of the traditional farm implement,“Maresha"leaves strips of unplowed land between
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consecutive passes. Farmers cannot easily access the unplowed strips without resorting to

cross plowing.

According to the field assessment it was found that on moderately to steep slopes, much of
the land in this classification were treated with SCSs. However, 3% farmers reported that
they usually destroy the SCSs due to the difficulty of conducting cross plowing between
the structures which are usually constructed in short intervals. They try to plow the field
parallel to the structures but they have to employ another labor manually to dig the strips
of land left between two consecutive passes. It also observed that the waterways
constructed in these areas not grassed and there are no drop structures. Farmers reported

that the waterways in most cases grow to gullies.

In light of this, in red soils with moderate to steep slopes, the strategy should primarily
focus on reduction of tillage frequency and improvement of tillage between SCSs. Farmers
carry out repeated tillage with cross plowing because the traditional tillage implement,
Maresha, does not permit efficient contour plowing as described above. However, an
improved implement that can enable farmers to undertake contour plowing is available.
Use of Arashwogel allows farmers to cut the strips left between consecutive passes of
Maresha. The field investigation has shown that and proved local farmers, the use of
Arashwogel retards surface runoff there by minimizing soil erosion (Temesgen, et al.,
2010; Kebede et al. 1990, unpublished data). The tillage system makes it more convenient
to plow between SCSs. The invisible barriers left between passes allow more infiltration
by reducing surface runoff towards the SCSs. It also prevents water logging behind the
SCSs and possible breaking of the SCSs that would have had detrimental effects down
stream. Research has shown that crop yields and life span of the SCSs could increased by
the application of such a tillage system. Uses of composting also recommended improve

soil structure and fertility.

In Bahr Dar Zuria where red soils dominate with relatively flat topography and access to
water for irrigation, it recommended to have longer period of soil cover. Soil cover
achieved through leaving crop residues on the surface, particularly after harvesting fail
seed. The crop residue of frailer seed is more convenient to use as soil cover. The crop to
been planted in the crop residues should be maize, to start with. A direct seeder used to
place maize seeds and fertilizer while pressing down the crop residue. Pressing the crop
residue helps in facilitating management of the maize crop and in suppressing weeds as

the surface area of the soil covers increases when it lay down rather than remaining
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vertical. Maize expected to perform better than any other crop under crop residue. Now,
leaving maize stocks in the field not recommended until appropriate technologies are

developed.

In vertisols, the frequency of tillage is slightly less than that of red soils. This is because
black soils are difficult to work when they are dry thus delaying commen cement of
tillage. Besides, black soils considered self-loosening soils as the swelling and cracking
cycle in these soils reduce compaction. One of the major problems associated with these
soils is water erosion due to the long period left with no crop cover. In Gonder zuria, and
North Achefer woredas, sorghum and finger millet are very important crops in the
predominantly black soils. It learnt that after harvesting finger millet in February-March,
farmers leave the soil bare during much of the main season. Farmers keep on plowing the
soil until September, which is the sowing time of chickpea. Keeping the soil bare while
plowing it during the high rainfall months of July and August can lead to higher soil
erosion by water. Moreover, water logged condition followed by drying is the main cause

of emission of methane, which is a more potent greenhouse gas than carbon dioxide.

In relatively flat areas close to the Lake Tana where vertisols are dominating, crop
residues obtained from finger millet, teff and rice sold with a considerably high price. The
crop residues sold to households who either have dairy cows at Bahir Dar for construction
of muddy houses. Based on a survey of 20 households at Bahir Dar Zuria woreda, the
prices of crop residues of finger millet and teff is 1500 Birr per ha, with a maximum value
of 3000 Birr.

The area covered by black soils around the lake could be suitable to implement ideal CA
practices. However, in most areas (Gondar Zuria, North Achefer, and Bahir Dar Zuria),
the black soils are being used to grow mainly finger millet and to a lesser extent teff. The
soil exposed to erosion by water because there is a long period of time when the soil
remains without cover. In particular, when farmers continue plowing the soil between the
harvest of Finger millet during February-March and chickpea planting in September, the
soil exposed to erosion by water due to little or no soil cover during the high rainfall
months of July and August. One way of achieving this is planting of improved wheat
varieties in June. This needs a surface drainage technology. Drainage of Vertisols been
recommended in order to address the problem of water logging that made it difficult to use
these highly fertile soils. Research has shown that wheat planted in June and harvested in

September followed by planting of chickpea or other legumes, thus enabling double
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cropping per year.Therefore, we recommend that soil cover maintained during the season
by applying Broad Bed and furrow Maker (BBM) technology. The other way of
improving soil cover is to plant pigeon pea as a soil cover. Since the crop has deep
penetrating roots, it can improve soil structure to improve infiltration.The pigeon pea
planted using irrigation, as water for irrigation in the areas close to the lake is not a serious
constraint. The cover crop pressed down using a mechanical device.Composting also
practiced in these areas. Composting improves the soil structure and its water holding
capacity. Higher infiltration in well-structured soils reduces soil erosion. Moreover, higher
biomass production due to the application of compost will further improve the soil organic
carbon content. The flat topography of the area implies little or no runoff generation.The
threat to soil erosion is minimal in the area.The soil remains saturated in most cases and

the livelihood of loss of organic carbon through oxidation is relatively low in these areas.

4.3. Perceived performances of the CA packages

Following field-testing with pilot households and facilitation of field days, several
households have shown a zealous interest to adopt the introduced CA packages. They have
perceived that the introduced CA packages could have positive biophysical and socio-
economic effects. According to the farmers, easiness of the CA tools to fit into the
traditional oxen ploughing system, cost effectiveness, and relatively lower labor
requirement mentioned as important criteria that support the adoption of the introduced
packages. Both Arashwogel in red soils and Aybar BBM in black soils integrated with
crop rotation met afore mentioned criteria. From table, 4.4 and 4.5 several smallholder
farmers in the pilot woredas have expressed demand for the new CAT implements. About
84.4% of the respondents indicated that CA is more important in terms of increasing
income because it is minimum number of tillage, removal of weeds, mixed organic matter
properly, soil erosion/runoff is highly reduced, and infiltration rate increases. Moreover,
around 86.7% of the respondents revealed that CA is important to increasing yield,
because it is soil erosion/runoff highly decreases/reduced, decreases/removals of soil
organic matter, plowing acrosses the slope and decreases numbers of plow. In general
minimal mechanical soil disturbance, permanent organic soil covers and diversified crop

rotations in this case CA is resource saving agricultural and increasing yield of production.

In addition, 96.7% of the respondents are prefer CA than CT because CA promotes most
soils to have a richer bioactivity and biodiversity, a better structure and organization, and a

very high natural physical protection against weather (raindrops, wind, dry or wet
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periods). Soil erosion is therefore highly reduced, soil agronomic inputs transport slightly
reduced, while pesticide bio-degradation is enhance.lt protects surface and ground water
resources from pollution and mitigates negative climate effects. Conservation agriculture
IS @ management system that maintains a soil cover through surface retention of crop
residues. Conservation agriculture was as a concept for resource saving agricultural crop
production, which based on enhancing the natural and biological processes above and
below the ground. CA provides excellent soil fertility and saves money, and time. Hence,
CT way to cultivate annual and perennial crops, based on no vertical perturbation of soil
(zero and conservation tillage), with crop residue management and cover crops, in order to
offer a permanent soil cover and a natural increase of organic matter content in surface

horizons.

The main reason for 73.3% of the respondents prefer CA is saving labor, because it is
decreases frequency and number of plowing, using full package technology, not using
slope plowing. were as conventional agricultural is inproper types of plowing to
controlled weeds and pastes ,numbers of plowing is more than seven and above, and
using traditional types of plowing accrues the slope in this case apire higher soil erosion

and runoff.

About 64.7% of respondents replied that the source of Arashwogel and Aybar BBM was
NGOs and ADA. This implies that the supply of the materials by government is that calls
for the necessity of government intervention. The survey result indicated that the
respondent farmers got Arashwogel & Aybar BBM 29.4% through credit, 29.4% by
buying, and 41.2% getting free from for demonstration purpose and selected modal
farmers by NGOs. 78.9% of respondents replied that CA could help to crop rotation and
double cropping.This is because the Arashwogel and Aybar BBM decreasing number of
plow, deep plowing in this case soil was have moisture so use for crop rotation and double
cropping. Moreover, 100% of respondents reported that CA benefit the family in terms of
labor, time, oxen power, crop yield, because it is simple technology decreases labor, time,
and oxen power, and increases crop Yyield, etc. Around 93.75% of respondents got
Arashwogel and Aybar BBM last year and 16.25% in this year get from NGOs. 97.8% of
respondents replied they are using Arashwogel and Aybar BBM during plowing time and
2.2% during sowing 95.6% of respondents mentioned that CA could help to reduce soil
erosion, tillage frequency, and soil moisture loss. This is because CA the first principle is

minimal mechanical soil disturbance and reduce soil erosion, permanent organic soil
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covers decrease tillage frequency and diversified crop rotations decreases soil moisture in

this case CA is resource saving agricultural and increasing yield of production.

Table 4.4.Perceptions about CA technology

Perceptions of farmers N %
What is your thinking about CA technology in | 1. Less important 0 0
terms of increasing your income? 2. Important 14 15.56
3. More important 76 84.44
What do you think about CA technology in | 1. Less important 0 0
terms of increasing yield? 2. Important 12 13.3
3. More important 78 86.7
How do you see CA technology when | 1.Bad 3 3.3
compared with CT 2. Good 87 96.7
If good, why you prefer CA to the | 1.Itischeaper 3 3.3
conventional one? 2. Easy to use 21 23.3
3. Saving labor 66 73.3
Source: Survey result 2015
Table 4.5. Perceptions about the use of CA technology Arashwogel & Aybar BBM
Where did you get Arashwogel and Aybar | 1. WoA 4 23.5
BBM? 2. Cooperative 2 11.8
3. NGOs 11 64.7
How can you get Arashwogel and Aybar | 1. Buying 5 29.4
BBM? 2. Credit 5 29.4
3. Others 7 41.2
Do they help crop rotation and double | 1.Yes 71 78.9
cropping? 2.No 19 21.1
Do they benefit the family in terms of labor, | 1.Yes 90 100
time, oxen power, crop yield, etc? 2.No
When you get Arashwogel and Aybar BBM? | 1.Last one year 15 93.75
2.In this year 1 6.25
How can they serve as CA implemants? 1.During plowing 88 97.8
2.During sowing 2 2.2
Do they help reduce soil erosion, tillage | 1. Yes 86 95.6
frequency, soil moisture loss? 2. No 4 44

Source: Survey result 2015
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4.4. Biophysical performances of the CA packages

Conservation Agriculture packages and their modes of implementations at the proposed
Lake Tana BR in three site-adapted CA packages have been discussed based on the
outcomes of field observations, key informant discussions, focus group discussions, and

survey results.

4.4.1. Conservation Agriculture package for black soils (Vertisols) interventions

The most important challenges in the black soils encompass water logging during the rainy
season, soilerosion, and fertility decline due to crop residue harvest and minimum level of
rotation between cereals and legumes. Much of the black soils Lake Tana BR used for
finger millet. When the black soils areused for the production of finger millet, crop
rotation with legumes cannot be undertaken in one year. It happens in two consecutive
years. This reduces the length of soil cover and benefit of the farmers. In few areas, crop
rotation between cereals (teff and rarely wheat) and legumes (chickpea and grass pea) or
practiced in one year. However, the mode and extent of this practice is not effective at
present. This is mainly due to the lack of proper surface water draining technique in the
black soils.

Rotation of cereals with legumes in one year is possible if the farmers are shifting from
fingermillet to teff and wheat by applying surface drainage of the black soils using proper
drainage implements. 27 % of the farmers in all study sites reported that surface drainage
of the black soils using Aybar BBM was able to apply early planting of teff or wheat thus
giving enough time to grow legumes (chickpea and grass peas) within the same year. This
halped to have a longer period of time when the soil have a cover crop.The presence of a
crop cover during both the rainy and dry seasons have reduced the susceptibility of the
soils to erosion. According to the respondaents, part of the legumes residue retained on the
farm has reclaimed the soil fertility. Inspite of this fact, currently, almost all farmers

harvest all the biomass of the legumes (grass pea and chickpea) except the roots.

Hence, the farmers initiated to harvest all the crop residues of the cereals and some portion
of the residues from the legumes to mix and feed their livestock. Thus the livestock will
get both carbohydrate and protein sources.The rest of the legume stover distributed on the
farm to enhance the fertility of the soil by improving the nitrogen content. It was learnt
that continuous growing of grass peas without rotation causes pest and disease prevalence.
Thus to reduce this problem, rotational cropping is recommended in this package.

Accordingly, to the field visit, both the cereals (teff and wheat) and legumes (chickpea and
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grass pea) rotated during the consecutive years. For instance, a farmer may grow Teff
(during June/July-September/ October) and Chickpea (during October- February) in year
one. In year two, he/she will grow wheat (during June-September/October) and grass pea
(during October-September). Accordingly, both the cereal and the legume rotated during
the consecutive years thus reducing the susceptibility to pest and diseases in onehand and

enhancing the soil fertility in the other.Weed removal practiced manually.

4.4.2. Conservation Agriculture package for red soils (Nitosols) intervention

Based on field evaluations of the CA package under red soils in sloping lands, surface
runoff and soil losses was reduced by 58.2% and 64.2% on average, respectively (Table
4.6). Soil erosion and the consequent decline in soil fertility is a priority challenge in the
vast cultivated red soils of the upstream and middle-stream parts of the Lake Tana
watershed area. Hence, the promising performance of the newly introduced CA packages
suggests that there could be a substantial improvement in reducing the on-site and off-site
effects of soil erosion. On the other hand, smallholder farmers have accepted the new CA

implement, Arashogel in relevance to its adaptability to the oxen-based ploughing system.

Table 4.6. Effect of using Arashwogel in reducing surface runoff and soil erosion under soils in the

Lake Tana BR
No | woredas Reduction in runoff due to CA (%) | REDUCTION IN SOIL LOSS
DUE TO CA(%)
1 Bahrdar Zuria 18.0 45.8
2 Gonder Zuria 80.7 82.6
3 North Achefer 76.0 -
Mean 58.2 64.2

Source: Experment result, 2015

Reduced tillage using Arashwogel and leaving some portion of the cereal stover in red
soils where physical SWC measures are applied. The main reason behind the application
of cross-ploughing and repeated tillage using the traditional maresha plough is to
complete the unfinished ‘V’ shaped furrows by applying perpendicular plough during the
next ploughs. The practice for cross-ploughing using the maresha has also affected the
adoption of the SWC measures like bunds and terraces as they obstruct cross ploughing.
The newly developed Arashwogel designed to avoid cross ploughing. It designed in such a
way that it can remove the weeds and grasses by its sharp wings in one pass (Figure 4.2).
Hence, the application of the Arashwogel can reduce the frequency of tillage and hence
reduce the soil’s susceptibility to erosion by water. It will be an opportunity to promote

contour plowing and enhance the adoption of physical soil conservation structures under
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sloping lands. This is in line with the current government-led watershed development
mainly through the promotion of physical SWC measures like bunds and terraces.
Moreover, the Arashwogel can also contribute to reduced oxidation of organic matter due
to reduced tillage frequency. The number of tillage before sowing of the cereals will not

be more than two at a maximum.

Figure 4.2: Arashwogel ploughing

4.4.3. Conservation agriculture package in the Lake-Tana BR Intervention

Leaving the stover and residues of finger millet, teff, rice and wheat crops would be
important to cover the soil and reduce soil erosion thus also enhancing the soil fertility.
However, traditionally, most of the farmers harvest the whole biomass of the
aforementioned crops except the roots, as they desperately need the crop residues as
sources of livestock feed. Therefore, to make the farmers harvest part of the crop residues
of the aforementioned crops and leave as much residue as possible on the ground, an
alternative source of livestock feed must be availed. Hence, the production of improved
forage grasses like desho and elephant grass and legumes like pigeon pea, sesbania, and
desmodium recommended either around the soil bunds and terrace or at farm boundaries.
Leaving the crop residues integrated with reduced tillage (1-2 times) in the red soils and
use of BBM in the black soils. The growing of fodder grasses and legumes around the
lakes will buffer the lakes from siltation coming from the upstream areas. While weed
control manually, pest and diseases prevented by applying rotation of the crops during the

consecutive growing seasons.
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4.5. Soil and Water Loss Measurement from Farm field under CA and control
The runoff measurement tool provided to the office of agriculture to measure runoff. The
runoff measured from the farm fields where CA were practiced and from the conveational
field was measured and the result is presented here under

> North Achefer
Table 4.7. lllustrates clearly water loss is higher (recorded within specific period) in
traditional tools as compared to Arashwogel in crop (teff) field. In the case of soil loss
from both no significantly difference because of plot have almost flat slope.

Table 4.7. North Achefer woreda Soil and water loss measurement from farm plots

No. | Crop | Run-off | Loss measurement from different farm tool (ml/8 days)
Type | (loss) type Arashwogel Traditional %
1 Teff | water 5,580 23,296 0.24
Soil No significant loss | No significant loss | Plot have almost flat
slope

Source: Experiment result, 2015

» Gonder Zuria
Table4.8. Illustrates clearly both water and soil loss is higher (recorded within specific
period of time) in traditional tools as compared to Arashwogel in both crop (Teff and Faba
bean) fields.When we compare the two crops water and soil loss is sever than in Fabe
bean fields. This might be due to the slope difference of the crop fields.

Table 4.8.Gonder Zuria woreda Soil and water loss measurement from farm plots

No. | Crop Type | Run-off Loss measurement from different farm tools
(loss) type (ml/40 days)
Arashwogel Traditional %
1 | Teff water 6,848,220 7,913,685 0.865
Soil 97,400 121,700 0.8
2 Faba Beans | Water 51,800 268,768 0.193
Soil 53,00 102,500 0.0517

Source: Experiment result, 2015
» Bahir Dar Zuria

The materials installed in two fields on traditional and CA fields were used for comparing
the runoff was. However, it was not possible to get enough data of runoff in the field due
to less amount of rain. The amount of rain for the crop was good but it does not create too
much runoff. Table 4.9 illustrates clearly both water and soil loss is higher (recorded
within specific period) in traditional tools as compared to Arashwogel in Teff crop field.
Bahir dar zuria farmers did not practice Aybar BBM farm tools, as they do not have black

farm fields.
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Table 4.9. Bahir Dar Zuria Soil and water loss measurement from farm plots

No. | Crop Run-off Loss measurement from different farm tools (ml/21 days)
Type (loss) type Arashwogel Traditional %
1 Teff Water 348,900 4,253,000 0.082
soil 7,700 14,200 0.542

Source: Experiment result, 2015

4.6. Measurement of Crop Yields

Table 4.10. Farmers participated in CA comparison of yield obtained from Arashwogel/ Aybar
BBM (sample plot) and traditional (conterol plot) Maresha amount of increased by %

Yield
3 Increa
£ | Name of farmer | CAT used Crops | Controlplots | sampleplot | e
= 0
98| qma | K9 | Qra By %
Abeche Merafe Arashwegel | barley 09| 225 1.0 | 25.0 11.11
— | Abeche Merafe Arashwegel | Finger milat 0.8 | 200 1.2 | 30.0 50.00
[}
@ | M/Yeneges Terefe | Arashwegel | teff 0.6 15 08| 20| 3333
& | Ale Meseker Arashwegel | teff 0.4 10| 07] 175 75.00
'*CE) Genetu Fetu Arashwegel | teff 0.7 17 0.8 20 17.65
Z Gashaw Asemare | Arashwegel | Finger millat | 0.8 20 1.0 25 25.00
FTC Arashwegel | teff 08| 20.0 1.0 | 25.0 66.67
- Yemer Ayalaw Arashwegel | teff 15| 375 20| 50.0 33.33
2 § wedu Arashwegel | bean 12| 300 25| 625 | 100.00
(@} .
O ™| Yenuse saliman | Aybar BBM | wheat 10| 250 175| 437 74.80
< «| Bekele Amonge | Arashwegel | teff 11| 275 13| 325 18.18
O =
o N
Arashwegel | teff 4.9 122 6.6 | 165 35.25
All woredas averagel Arashwegel | Finger milat 1.6 40 2.2 55 37.50
. o (yg Y [Arashwegel | barily 09| 225 1] 25| 1111
Increased by ~o Aybar BBM | wheat 10| 25| 175 437 7480
Arashwegel | Faya bean 125 | 31.25 25| 625 | 100.00

Source: Experment result, 2016

The result of yield comparison indicated that average yield of the cereals produced using
Aybar BBM and Arashwogel was higher than the traditional one. The result showed
Arashwogel in red soil and Aybar BBM in black soil resaulted in higher yield than from

traditional maresha in all crops.

In the table 4.10, the use of Arashwogel in red soils improved the yields of barley by
11.11%, Finger millet by up to 37.5%,Teff by up to 35.25%, Faya bean by up t0100% and
in black soil wheat increased by up to 74.80%. The yields of all crops increased due to the
proper implementations of the CA packages in red and black soils. There are some spatial
differences in the effect of the CA packages in improving the crop yields. For instance,

teff yield improvements due to the use of CA packages in red soils of North Achefer was
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25%, while the same in Bahir dar zuria woreda was 18.2%. In Gonder zuria woreda, teff

yield improved by 33.3% while that of bean was increased by 100 %.

Table 4.11.Comparison of yield obtained from Arashwogel/Aybar BBM (sample plot)

and traditional (conterol plot) Maresha

No | Woreda Unit Arashwogel Aybar BBM
Barily bean Teff Wheat
Control | Sample | Control | Sample | Control | Sample | Control | Sampl
plots plot plots plot plots plot plots e plot
1 | North Kg/am® | 0.9 1.0 1.0 1.8 1.0 1.8
Achefer | Q/ha 22.5 25 25 45 25 45
2 | Gonder | Kg/4m® 1.2 2.5 15 2.0 1.25 18
zuria Q/ha 30 62.5 37.5 50 3125 | 45
3 | Bahir Kg/4m” 1.1 1.3
dar zuria | Q/ha 275 | 325
Over all | Kg/i4m® | 0.9 1.0 1.2 2.5 1.2 1.7 1.125 | 1.8
average | Q/ha 22.5 25 30 62.5 30 42,5 | 28.125| 45

Source: Experiment result, 2016

Table 4.11. The result of yield comparison indicated that average yield of the cereals

produced using Aybar BBM and Arashwogel was higher than the traditional one. The

result had shown Arashwogel in red soil and Aybar BBM in black soil resulted in higher

yield than from traditional maresha in all crops.
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CHAPTER FIVE:-CONCLUSION AND RECOMMENDATIONS

5.1. Conclusion

The promising biophysical performances and perceived socio-economic benefits of the
selected CA packages revealed to that there needs to be a careful scaling out strategy for a
wider dissemination of the introduced CA packages in the Lake Tana BR. The scaling out
strategy needs to follow a participatory process. There must be a combination of trainings,
knowledge sharing events and promotional events for a successful scaling out of the
introduced CA packages. The training of trainers for extension staff should be under taken
at regional, zonal and wereda levels to cascade the knowledge and skills on introduced
CA packages at woreda and kebele levels, the trained frontline extension staff must be
able to properly train as many farmers as possible. The trained farmers who are also
implementing the introduced CA packages should properly supervice and monitored by
the frontline extension staff. Apart from this, the CA manual should interpret in Amharic
language for appropriate consumptions by frontline extension staff and literate farmers.
However, access to the CA implements is still limited as the linkage between the producer
and the farmers is weak. Hence, efforts need to put in place to improve the access to the
CA implements. It anticipated that following public sector extension system, sufficient
demand created that would attract the private sector to be engaged in the distribution and

retail of the implements there by filling the gap between farmers and the producer.

Conservation agriculture/resource conservation technology offer a new paradigm for
agricultural research and development different from earlier one, which mainly aimed at
achieving specific food grains production targets. A shift in paradigm has become a
necessity in view of widespread problems of resource degradation, which accompanied
past strategies to enhance production with little concern for resource integrity. Integrating
concerns of productivity, resource conservation and quality and environment is now
fundamental to sustained productivity and growth. Developing and promoting CA systems
will be highly demanding in terms of knowledge base. This will call for greatly enhanced
capacity to address problems from a systems perspective; be able to work in close
partnerships with farmers and other stakeholders and strengthened knowledge and
information-sharing mechanisms. CA offers an opportunity for arresting and reversing

downward spiral of resource degradation, decreasing cultivation costs and making
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agriculture more resource-use-efficient, competitive and sustainable. ‘Conserving

resources-enhancing productivity’ has to be new mission.
5.2. Recommendations

Three site-adapted CA packages recommended based on the outcomes of field
observations, key informant discussions, focus group discussions, and survey results. If the
challenges for poor acceptance of CA techniques in previous efforts are multifaceted, each

of the site-adapted CA practices planned in packages as described herein.

» CA package for black soils (Vertisols) Early planting of the cereal crop followed by
planting of legumes using the residual moisture after surface drainage using Aybar
BBM.

» CA package for red soils (Nitisols) reduced tillage using Arashwogel and leaving some
portion of the cereal stover in red soils where physical soil and water conservation
measures are applied.

» CA package around the lake BR crop stover/residue mulching integrated with improved

forage grasses /legumes around the farm boundaries near to the lake.

There for;-

Development policies and program interventions should be designed to enhance agricultural

productivity through promoting different agricultural technologies in general and CA

technologies in particular. In the study area, there is a need to take into account the above-
mentioned variables and farmers’ perception on the technology. More specifically, based on
the empirical findings of this study, the following recommendations are for warded:

» Conservation agriculture farming involves different practices, which require
knowledge, skill, and management. This research finding indicated that farmers
generate knowledge continuously and shared among them. In this regard, they were
not well supported and integrated with external organizations. Therefore, researchers
and extension staff need continuously keep in touch with these farmers for further
research to address issues that need to be resolved.

» It found that total land holding significantly affects adoption of CA technology. The
result shows that the new tillage technology is more likely to adopt by farmers with
large land size suggesting research, extension and planning agencies to be sensitive to
the needs of smallholder farmers through developing and disseminating technologies

and strategies that are relevant to their needs.
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» Organizing farmers’ days, holding of field demonstrations, cross-farm visits of
extension experts and effective use of mass media i.e. print and electronic media for
transfer of technology may play a major role in promotion of resource conservation
technologies amongst farming community.

» Capacity building of farmers to acquire, test, and adopt technologies through
participatory approach will enable them to seek resource conservation technologies for
their farms and thus they can reduce their production cost and combat production
constraints.

» Improvement in coordination among various stakeholders (research, extension service,
farmers, service providers, agricultural machinery manufacturers, etc.) for transfer of

technologies will play a critical role in accelerating adoption of new interventions.
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APPENDICES

APPENDIX 1: Sample checklist for focus group discussion, house hold, and key
informant interviews
Household survey

Objectives: This survey is part of a MSc research project to identify the Challenges and
Opportunities for the expansion of conservation agriculture packages in the Lake Tana
basin.

The survey is under taken in three weredas of North Western Ethiopia. Information is
collected at household level. Thus, household head is the respondent of this questionnaire.

Code No.:
Name of enumerator:
Date:
I. Identification
. Watershed 1. wembera eyesuse 2..wegelesa 3. cheramatero
. Wereda 1. North Achefer 2. Bahir Dar Zuria 3. Gonder zuria

. Village/ Got/ Sub-Kebele
. Altitude (masl)
. Name of the farmer 1/ Male,2/ Female, 3/Age

. Total farm size__

. Education levele: 1/lllitrate, 2/ litrate
Familiv cize

VPNO OIS, WN PR

Part 1: Household Characteristics
1.1. Composition, education level and occupation of the household members

(Code 2)

No | Name 112 |3 |4(5/6|7(8|9 |10|11
1 | Sex: Male=1, Female=2

2 | Age (Years)

3 | Relation with Head(Code 1)

4 | Education status /Level of Schooling

o1

Main Occupation (Code 3)

6 | Farming Experience(Years)

7 | Farming Contribution(Code 4)

Code 1:1=Spouse, 2= Son/ Daughter, 3= Father/ mother,4= Brother/ Sister 5= Grand
Child 6=Grand parents,7= Other relative,8=hired labor,9= Non-relative

Code 2:1=llliterate, 2= Read and write, 3= Primary school (1-6 Grade), 4= Junior
Secondary (7-8 Grade), 5= Secondary school (9-10 Grade), 6= Preparatory (10-12
Grade), 7= college/ University

Code 3:1= Farming, 2= Housewife, 3= student (at school), 4= Dependent, 5=Watch after
animals, 6= Off-farm activit, 7= Government employe, 8= hired labor, 9= other,
specify

Code 4:1= Fulltime, 2= during peak period, 3= Not at all
1.2. Household assets

1. Type of house and number the respondent owns 1/grass roofed, 2/corrugated iron,

No | Type of house No. of house | Size(No. of corrugated roof) | Purpose
1 | Thatched roof 1.

2.
2 Ironcorrugated roof 1.

2.
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2. Do you have a radio? 1. Yes 2. No

3. Do you have a mobile phone? 1.Yes 2. No

4. Do you have a cart ? 1. Yes 2. No

5. Do you have a plough sets? 1. Yes (Howmany ) 2. No

6. Do you have a shovel/spade? 1. Yes(Howmany ) 2. No

7. Do you have a hand hoe? 1. Yes (Howmany ) 2. No
1.3. Farming experience of household head (in years)

1.4. Land holdings, tenure status and plot characteristics (all plots including own
cultivated, rented in, or given out in any form should be included).

Part 2: Land Resources and plot characteristics

1. How do you get your land? 1. Own inherited 2. Own gifted from parents 3.0wn
obtained through land distribution 4. Shared-in 5. Rented-in

v' Area (ha), Walking Distance from home (hr/km) and Soil type

e Tenure status (A):1= Own plot (received from PA), 2= leased in, 3=leased out, 4= Gift

e Specific leased in/out arrangement (B):1=cash(amount/plot), 2= share cropped-equal,
3=share cropped(1/3to plot owner),4=share cropped(1/4 to plot owner),5=other (specify)

o Soilfertility status(C):4=highlymanured,3=very fertile,2=moderately fertile, 1=infertile

2. Total farm size __ ha/timad/kert/gemed 1.Cultivated land__ 2.Woodlot area ___

3.Grazing area 4. Homestead area_
3. Description of the plots characteristics

Parcel ID 1 2 3 4 5 6 7

Parcel name

Plot size(timad/ gemed)

Distance in hour from home

Position in Watershed (Code 1)

Tenure arrangement (Code 2)

Rent out/share out reason(Code3)

Soil type (Code 4)

Slope class (Code 5)

Soil depth (Code 6)

Soil texture (Code 7)

Fertility status (Code 8)

Extent of soil erosion (Code 9)

Code 1: 1= Upstream 2= Downstream

Code 2: 1=Own 2=Rentin 3=Shared-in 4=Shared-out 5=Rent out

Code 3:1=Lack of oxen, 2=lack of labor,3=Lack of fertilizer,4=lack of seed,5=Involve in off activity
6.0ther___

Code 4: 1=Black 2=Red 3=Brown 4= Gray 5= Others

Code 5: 1=Flat to gentle slope 2= Medium 3=steep slope 4=Very steep

Code 6: 1=Deep 2= Medium 3= Shallow

Code7: 1=Clay 2=Loam 3= Sand

Code 8: 1=Low 2= Medium 3=High

Code 9: 1=High 2=Medium 3=Low
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Part. 3. Crop production
1. Main season (please use the parcel number of Q#2 from part 2)

Crop grown (2007/2008 E.C) 1 2 3 4 5 6 7

Precursor crop

a) Material inputs

o Seed(kg)

o Improved seed (1.Yes 2.No)

e Cost of seed

b) Fertilizer (1.Yes 2.No)

If yes, amount of - DAP(KQ)

-UREA(KQg)

e Cost of fertilizer - DAP

- UREA

e When used first(year)

If No, reason (Code 1)

e Have been used before (1.Yes 2.No)

If yes, when( year/s)

e Reason for abandonment (Code 2)

c) Compost (1.Yes 2. No)

If Yes, Amount(qt)

e Amount of labor (MD)

o When used first(year)

Reason for using (Code 3)

If No, reason (Code 4)

e Have been used before (1.Yes 2.No)

o If yes, when( year/s)

d) Reason for abandonment (Code 5)

e Manure (1.Yes 2. No)

e If Yes, Amount(qt)

e Amount of labor (MD)

o When used first(year)

o Reason for using (Code 3)

If No, reason (Code 4)

o Have been used before (1.Yes 2.No)

o If yes, when( year/s)

e)Reason for abandonment (Code 5)

o Pesticides (lit)

e Cost of Pesticides

Code 1:1=No problem of soil fertility,2=Unavailability on time,3=Shortage of money,4= High price, 5=
Other__

Code 2:1= High price, 2=Shortage of money, 3= Unavailability on time, 4.Lack of credit, 5. Others, specify_

Code 3: 1= Increase fertility, 2=Increase water holding capacity, 3=Reduced need for inorganic fertilizer,
4=Reduce erosion risk 5= others, specify

Code 4: 1=No problem of soil fertility, 2=Lack of awareness, 3=Shortage of labor, 4=Lack of belongingness,
5= Shortage of animal manure and/or other input, 6= Manure used for fuel, 7= Lack of technical
knowhow, 8= Bulky to transport, 9= High rate require, 10= others, specify
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Code 5: 1=Shortage of labor, 2=Lack of belongingness, 3= Shortage of inputs such as manure & others, 4=

Bulky to transport, 5= High rate require, 6= others, specify

1

2

3

4

5

6

7

Labor inputs

¢ Land preparation(MD)

o Land preparation ( Oxen days)

¢ Planting (MD)

¢ Planting (Oxen days)

e Fertilization

¢ Manuring(MD)

o Weeding(MD)

e Spraying(MD)

¢ Maintenance terrace(MD)

e Harvesting(MD)

e Threshing, and transport ( MD)

e Threshing, & transport (Oxen days)

Output

e Yield(kg)

o Straw( Shekim)

o Price of yield( Birr/ qt)

2. Second season production with residual moisture or irrigation (please use the parcel

Q#2from part2)

number of

Crop grown (2007/2008 E.C)

1

2

3

4

5

6

7

Precursor crop

a)Material inputs

e Seed(kg)

o Improved seed (1.Yes 2.No)

e Cost of seed

b)Fertilizer (1.Yes ,2. No)

If yes, amount of - DAP(Kg)

UREA(KQ)

e Cost of fertilizer - DAP

UREA

o When used first(year)

If No, reason (Code 1)

e Have been used before (1.Yes 2.No)

If yes, when( year/s)

e Reason for abandonment (Code 2)

¢) Compost (1.Yes 2. No)

If Yes, Amount(qt)

e Amount of labor (MD)

e When used first(year)

e Reason for using (Code 3)

If No, reason (Code 4)

e Have been used before (1.Yes 2.No)

If yes, when( year/s)

Reason for abandonment (Code 5)
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Code 1:1=No problem of soil fertility,2=Unavailability on time,3=Shortage of money,4=High price,5=

Other_

Code 2:1=High price, 2=Shortage of money, 3= Unavailability on time, 4.Lack of credit, 5.Others,

specify

Code 3: 1= Increase fertility,2=Increase water holding capacity,3=Reduced need for inorganic fertilizer,

4=Reduce erosion risk, 5= others, specify

Code 4:1=No problem of soil fertility, 2=Lack of awareness, 3=Shortage of labor, 4=Lack of belongingness,
5= Shortage of animal manure and/or other inputs, 6= Manure used for fuel, 7= Lack of technical
knowhow, 8= Bulky to transport, 9= High rate require, 10= others, specify

1

2 3 4 5 6 7

Manure (1.Yes 2. No)

If Yes, Amount(qt)

Amount of labor (MD)

When used first(year)

Reason for using (Code 3)

If No, reason (Code 4)

Have been used before (1.Yes 2.No)

If yes, when( year/s)

Reason for abandonment (Code 5)

Pesticides (lit)

Cost of Pesticides

Labor inputs

Land preparation(MD)

Land preparation ( Oxen days)

Planting (MD)

Planting (Oxen days)

Fertilization

Manuring(MD)

Weeding(MD)

Spraying(MD)

Maintenance terrace(MD)

Harvesting(MD)

Threshing, and transport ( MD)

Threshing, & transport (Oxen days)

Output

Yield(kg)

Straw( Shekim)

Price of yield( Birr/ gt)

Code 3: 1= Increase fertility

4=Reduce erosion risk 5= others, specify

2=Increase water holding capacity 3=Reduced need for inorganic fertilizer

Code 4: 1=No problem of soil fertility, 2=Lack of awareness,3=Shortage of labor,4=Lack of belongingness,
5= Shortage of animal manure and/or other inputs ,6= Manure used for fuel,7= Lack of technical
knowhow , 8= Bulky to transport, 9= High rate require, 10= others, specify

Code 5: 1=Shortage of labor
4= Bulky to transport 5= High rate require

2=Lack of belongingness

3= Shortage of inputs such as manure & others,

6= others, specify

Part 4: Access to road, market, and development centers
1. Distance from farmers” home to district (Woreda) town (minutes/hour of walking)
2. Distance from farmers’ home to the nearest market center (minutes/hour of walking)
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3. Distance from farmers’ home to the main road (minutes/hour of walking)

4. Distance from farmers’ home to kebele administrative office (minutes/hour of walking)

5. Distance from farmers’ home to development agent station (minutes/hour of walking)
Part 5: Livestock Ownership

1. Livestock population

N | Type of Total Feed Feed |Labor |Veterinary [Numbe | Income
q Livestock Number | Source |bought |Input | Service |r Sold Earned
(code 1) | (Birr) [(MD) (Birr) (Birr)
1. | Oxen
2. | Cow Local
Improved-
3. | Bull
4. | Heifer
5. | Calves
6. | Sheep
7. | Goats
8. | Donkey
9. | Horse
10.| Mule
11.| Poultry
12.| Beehives/beecolony
13.| Others

Code 1:1. Communal grazing land, 2. Private grazing land, 3. Crop residue, 4. Straw, 5. Grass hay, 6. Grass
from conservation structure,7. Concentration,8. Grain,9. Others, specify

2. Household’s annual income from sale of livestock products in 2007/2008E.C.

Item Income earned | Remark
Milk
Butter
Egg
Honey
Others
Part 6: Crops grown and cultural practices used during the 2015/16 G.C (2007/2008 E.C)
6.1. What did you use to plow your fields? 1= Own oxen, 2= rented oxen, 3=support from
relatives 4=others specify
6.2. If accomplished through hire of oxen, what is the cost of a pair of oxen perday  ?
Area (ha)
Crops grown
Variety Used 1=improved 2=local
Land Preparation Method and Frequency
o Method of plowing 1= Pair of oxen 2= Other
o Frequency
o Used Herbicidel=Yes 2=No
Amount (It/local unit)
o Hand Weedingl=Yes 2=No
o Production (kg/Quintal)
Part 7: Family Labor
7.1. Do you have enough labor for accomplishing farming activities on time? 1=Yes,
0=No
7.2. If the answer is no, which activities are most affected by labor shortage? 1= land
preparation (Plowing), 2= Planting (sowing), 3= Weeding, 4= Harvesting, 5= in all
times, 6= in planting and harvesting 7=others (specify)
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7.3. How do you overcome the labor shortage constraint?1= hire labor,2= use labor
sharing mechanisms such as debo,3=use herbicides,4= both 1 and 2, 5= other (specify)

7.4. Is labor available for hire easily if you want to do so? 1=Yes, 0=No

7.5. In which of the farming activities female family members participate? 1=land
preparationPlowing),2=Planting(sowing),3=Weeding,4=Harvesting,5=others(specify),
6=garden work

Part 8: Availability of labor

1. Do you face labor shortage for farming activities? 1.Yes 2.No

2. If yes, for which operation/s? 1. Plowing, 2. Planting, 3. Weeding, 4. Harvesting, 5.
Construction of SWC measures, 6. Others, specify

3. How do you overcome labor shortage? __1.Wonfel2.Debo 3.Hired labor 4. Other, specify__

4. If you hired labor last year, how many working days?

5. Can you easily get labor to hire whenever you need? 1. Yes, easily, 2. Yes, but sometimes with

difficulty, 3. No
6. If no, why? 1. There is no labor market, 2. don’t have the means to hire labor, 3=

Others
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Part 9. Soil and Water Conservation Investment (SWC)
1. Soil and water conservation investments in the plots (please use the parcel number of
Q#2 from par t 2)

Parcel 1 2 3 4 5 6 7

Soil bund (1.Yes 2. No)

If yes, when invested (years)

e Reason for investing (Code 1)

e No. of row of soil bund

o Average length (meter/Gemed)

o Labor for establishment(Md)

o Labor for maint. per year(Md)

o Nature of labor(Code 2)

o Labor cost per day

e Grass harvested (shekm)

If No, reason (Code 3)

o Have been used before (1.Yes 2.No)

If yes, when( year/s)

e Reason for abandonment (Code 4)

Fanaya juu (1.Yes 2.No)

If yes, when invested (years)

Reason for investing (Code 1)

No. of row of soil bund

Average length (meter/Gemed)

Labor for establishment(Md)

Labor for maint. per year(Md)

o Nature of labor(Code 2)

e Labor cost per day

e Grass harvested (shekm)

If No, reason (Code 3)

Have been used before (1.Yes 2.No)

If yes, when(year/s)

o Reason for abandonment (Code 4)

Stone bun (1.Yes 2. No)

If yes, when invested (years)

e Reason for investing (Code 1)

e No. of row of soil bund

o Average length (meter/Gemed)

o Labor for establishment(Md)

Labor for maint. per year(Md)

Nature of labor(Code 2)

Labor cost per day

Grass harvested (shekm)

If No, reason (Code 3)

Have been used before (1.Yes 2.No)

If yes, when(year/s)

Reason for abandonment (Code 4)

Code 1: 1= Erosion protection ,2= Improve land productivity 3= Soil fertility maintenance ,4=To increase
moisture retention, 5= Others, specify
Code 2: 1= Family labor 2= Mass mobilization 3= Food for work 4= others, specify
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Code 3: 1=No problem of soil erosion,2=Lack of awareness,3=Shortage of labor,4=Lack of belongingness,
5= Reduces farmland,6= Benefit is not immediate,7= Harbor rodents/pests,8= Difficult for oxen
ploughing, 9= Expecting that the structures will be done by financial incentives ,10= Limited land,11.
Others, specify

Code 4:1= Incentives ended,2= Shortage of labor,3= Reduce cultivable area,4= Difficult for oxen
ploughing,5= Harbor rodents/pests,6= Overlap with off-farm work,7= Inappropriateness of the innovation
for the Individual,8= Low benefits,9= Plough the bund to disperse fertile soil within plot,10= It was public
Investment,11= Built without my knowledge and willingness 12= other, specify.

Parcel 1 2 3 4 5 6 7 8

Trees planted (1.Yes 2. No)

If Yes, Name of tree

eYear of planting

eReason for planting(Code 5)

eNumber of trees

If No, reason ( Code 6)

Cut of drain (1.Yes 2. No)

If yes, when invested first(year)

eNo. of cut of drains

eAverage length (Meter)

el abor for establishment(Md)

If No, reason (Code 7)

Waterways (1.Yes 2. No)

If yes, When invested first(year)

eNo. of row of waterways

e Average length(meter)

oL abor for establishment(Md)

el abor cost per day

If No, reason (Code 8)

Code 5: 1= To sell,2= To harvest fruit,3= To increase productivity of the land,4= To protect
erosion ,5= To demarcate boundaries,6= To use fuel consumption 7= For constriction
purpose,8= To increase security,9= Others, Specify

Code 6:1= Shortage of land,2= Lack of appropriate trees,3. Lack of belongingness,4. Others

Code 7:1=No problem of soil erosion or excess water,2=Shortage of labor,3=Reduces farm
land,4=Others__

Code 8:1= No problem of soil erosion 2= Lack of cooperation with adjacent farmers 3= others,
specify

2. Is there soil erosion problem on your watershed/ kebele/ village? 1. Yes,2. No

3. If yes, what are the symptoms of the soil erosion problem? 1. Decrease soil depth,2.
Decreasing productivity,3. Visible rill/gully formation,4. Others, specify

4. What are main causes of soil erosion? 1. Heavy rainfall/ high run-off, 2. Deforestation
in upstream, 3.Improper plough, 4. Overgrazing, 5. Improper construction of ditches, 6.
Steepness of the land, 7. Soil being to erodible, 8. Others, specify

5. What do you think the consequence of soil erosion? 1.Loss of soil fertility,2. Loss of
cropland,3.Loss of seed,4.Loss of fertilizer,5.Yield loss,6.0thers, specify

6. Is there soil fertility problem on your watershed/ kebele/ village? 1. Yes, 2. No
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7.1f yes, what are the main reasons? 1. Soil erosion, 2.Cultivation of marginal lands,3.
Manure used for fuel, 4.Residual, completely removed, 5.No use of fertilizer, 6.
Continuous cropping,7. Others__

8. Do you practice crop rotation? 1. Yes, 2.No

9. If yes, the sequence of rotation?

9. Do you practice inter cropping. 1. Yes 2. No

10. If yes, which crops are intercropped?

11. If you rent in or rent out of land, who will be responsible for SWC? 1. Landowner’s, 2.
Tenants, 3. Both, 4. No agreement,5. Other, specify

12. If you share in or share out of land, who will be responsible for SWC? 1. Landowner’s,
2. Tenant’s, 3. Both, 4. No agreement, 5. Others, specify

13. Have you participated in public soil and water investments activities? 1. Yes, 2. No

14. Do you have a public soil and water investment in your plots? 1. Yes, 2. No

15. Do you believe that investment in soil conservation practices is profitable? 1.Yes,2. No

Part 10: Extension Contact

10.1. Do you get advisory services from extension agents? 1=Yes, 0=No

10.2. How frequently do the extension agents visit you about conservation agriculture
technology?1=0Once in a year, 2= Once in six month, 3= Monthly, 4=bi-weekly, 5=
weekly

10.3. During which farm operation extension agent visit you? 1= Land preparation,
2=during input provision,3=during sowing,4=duringherbicide application, 5=during
credit collection, 6=2 and 4, 7= others (Specify)

10.4. Do you visit extension agent? 1=Yes, 0=No

10.5. If yes, when do you visit? 1= during planting (sowing) for technical advice, 2=
during input distribution to obtain input, 3= It depends (any time when there is
technical problem)

10.6. Have you heard about conservation agriculture technology? 1=Yes, 0=No

10.7. From who/which source? 1=MOA, 2= DA, 3= NGO, 4= others (specify)

10.8. What is the length of time since you first heard about CA technology

5.9. For how many years have you practiced CA technology in your farm.

10.10. Have you ever participated in field days/visits prepared on conservation agriculture
technology practices in the last years? 1=Yes, 0=No

10.11. If yes, how many times and who arranged for you? No. of times

10.12. Who arranged for you? 1= WoARD, 2= NGO, 3= Others (Specify)

10.13. Haveyou ever received training in CA technology in the last years. 1=Yes, 0=No

10.14. If yes, how many times? No. of times

10.15. Who arranged for you? 1= WoARD, 2= NGO/ NABU, 3= Others (Specify)

10.16. Indicate your access to and frequency of use the following media?

¢ Radio=How often you use them 1/ Always=3, 2/ Sometimes=2, 3/ Rarely =1. 4/Never=0

e Television=How often you use theml/Always=3, 2/ Sometimes=2, 3/ Rarely =1.

4/Never=0
e eaflets=How often you use them1/Always=3,2/ Sometimes=2, 3/ Rarely =1. 4/Never=0
e Manuals=How often you use them1/Always=3,2/Sometimes=2, 3/ Rarely =1. 4/Never=0
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Part 11: Utilization of Credit

11.1 Were you demanding for credit in the last 12 months? 1=Yes, 0=No

11.2 Did you take any credit for purchasing agriculture input during the last 12months?
1=Yes, 0=No

11.3 If yes, from which sources did you borrow. 1= WoRDA, 2= co-operatives, 3= NGOs,
4= private money lenders. 5= others (specify)

11.4. If yes 6.2, for what purpose did you use credit? (1) To purchase fertilizer ,(2) To
purchase improved seed,(3) For sheep and goat production,(4) For sheep and goat
fattening,5) Oxen fattening, (6) for soil and water conservation activity, (7) if any
other please specify

11.5. If you are not use credit for soil and water conservation what is the reason in rank.
(1)Shortage of credit, (2) High interest rate, (3) Not availability of credit for
conservation, (4) Credit is not profitable 5) If any other please specify

Part 12: Participation in off-farm and non-farm activities

12.1. Household’s participation in off-farm activities in last one year. 1=Yes, 0=No

12.2. Household’s participation in non-farm activities in last one year.1=Yes, 0=No

12.3. Household’s participation in off-farm\non-farm activities in last one year.

Name of Participant

e Type /Kind of activities(A):1=Trading,2=Handicraft,3=Daily laborer, 4=others (specify)

e Participation time (B): 1=out of the time of farming activities, 2=at any time, 3=

throughout the year, 4= others (specify).

e Approximate Participation in a year (C) 1 = for a month, 2=for two months, 3=for three

months, 4=others (specify).

Part 13: Knowledge sharing among farmers

13.1. Did you learn from other farmers? Yes =1, NO =0; If yes,

Sources of knowledge
o Development agents 1/ Most practices 2, 2/ some practices 1, 3/ Never 0
e Neighbors Quantity 1/ Most practices 2, 2/ some practices 1, 3/ Never 0
e Friends Quantity 1/ Most practices 2, 2/ some practices 1, 3/ Never 0
e Wereda Ag. Office Quantity 1/ Most practices 2, 2/ some practices 1, 3/ Never 0
e NGOs Quantity 1/ Most practices 2, 2/ some practices 1, 3/ Never 0
¢ Radio Quantity 1/ Most practices 2, 2/ some practices 1, 3/ Never 0
e Pamphlet Quantity 1/ Most practices 2, 2/ some practices, 1 3/ Never 0
e Farmers groups Quantity 1/ Most practices 2, 2/ some practices 1, 3/ Never 0
¢ Relatives Quantity 1/ Most practices 2, 2/ some practices 1, 3/ Never 0
e Informal social groups Quantity 1/ Most practices 2,2/ some practices 1, 3/ Never 0

13.2. Frequency of your knowledge sharing
e Development agents 1/ Frequently 2, 2/ Sometimes 1, 3/ Never 0
e Neighbors 1/ Frequently 2, 2/ Sometimes 1, 3/ Never 0
e Friends 1/ Frequently 2, 2/ Sometimes 1, 3/ Never 0
e Wereda Ag. Office 1/ Frequently 2, 2/ Sometimes 1, 3/ Never 0
e NGOs 1/ Frequently 2, 2/ Sometimes 1, 3/ Never 0
e Radio 1/ Frequently 2, 2/ Sometimes 1, 3/ Never 0
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Pamphlet 1/ Frequently 2, 2/ Sometimes 1, 3/ Never 0
Farmers groups 1/ Frequently 2, 2/ Sometimes 1, 3/ Never 0
Relatives 1/ Frequently 2, 2/ Sometimes 1, 3/ Never 0
Informal social groups 1/ Frequently 2, 2/ Sometimes 1, 3/ Never O
13.3. Do you share your knowledge to other farmers? Yes=1  No=0
13.3.1. If yes, for whom you share your knowledge?
e Friends 1/ Most 2, 2/ sometimes 1, 3/ Never 0
e Neighbors 1/ Most 2, 2/ sometimes 1, 3/ Never 0
e Adjacent farmers 1/ Most 2, 2/ sometimes 1, 3/ Never 0
e Relatives 1/ Most 2, 2/ sometimes 1, 3/ Never 0
e Farmer group members 1/ Most 2, 2/ sometimes 1, 3/ Never 0
13.3.2. When do you share your knowledge to others?
e During group discussion 1/ Mostly 2, 2/Sometimes 1, 3/ Never 0
e During cooperative assemblingl/ Mostly 2, 2/Sometimes 1, 3/ Never 0
e At practical work 1/ Mostly 2, 2/Sometimes 1, 3/ Never 0
e Atdemonstration day 1/ Mostly 2, 2/Sometimes 1, 3/ Never 0
e Interpersonal communicationl/ Mostly 2, 2/Sometimes 1, 3/ Never 0
e Market day 1/ Mostly 2, 2/Sometimes 1, 3/ Never 0
Partl14: Psychological factors
14.1. Perception about conservation agriculture technology.

e What is your thinking about conservation agriculture technology in terms of
increasing your income? 1= less important, 2=important, 3=more important, 4=highly
important

e What do you think about conservation agriculture technology in terms of increasing
yield?1=less important, 2=important, 3=more important, 4=highly important

e How do you see conservation agriculture technology when compared with
conservation tillage 2= Good, 1=Bad

e |If good, why you prefer conservation agriculture to the conventional one? 1=It is
cheaper, 2= Easy to use, 3= saving labor, 4= others (specify)

e |f bad, what is the reason?

Part 15. Marketing information

e How much minute do you walk to reach the nearest market from home?

e From where do you get marketing information in rank? 1) From neighbor, 2) From
development agent, 3) from radio, 4) if any other please specify

¢ Do you have any other things to say concerning your day-to-day farming activities...?

Part 16: Farming technology

16.1. Ware you get Arashewegel and Aybar BBM? 1=WoRDA, 2=co-operatives, 3= NGOs, 4=
others

16.2. How do you get Arashewegel and Aybar BBM?1=Buying, 2=credit, 3=free giving, 4=other

16.3. When you get Arashewegel and Aybar BBM?1=last two year,2=last one year,3=in this
year

16.4. How can they serve as conservation agriculture implements?1=during plouing, 2=

16.5. Do they help reduce soil erosion, tillage frequency, soil moisture loss? 1=yes, 2=No
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16.6. If the above question 16.3 is yes, how reduse soil erosion, tillage frequency, soil moisture
loss?

16.7. Do they keep the soil covered with live crop or stover for a longer period? 1=yes, 2=No

16.8. Do they help in crop rotation and double cropping? 1=yes, 2=No

16.9. If the above question 11.6 is yes, how help in crop rotationand and double cropping?

16.10. Do they benefit the family in terms of labour, time, oxen power, crop yields, etc? 1=yes,
2=No

16.11. If the above question 11.8 is yes, how they benefit the family in terms of labour, time,
oxen power, crop Yields, etc?

16.12. Why they plow the land so many times?

Thank you very much for your cooperation.
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APPENDIX 2: Checklist for FDG
1) When this technology came to this village and how?
2) Is there any increasing trend?
3) What are the advantages of this technology?
4) What are the disadvantages of this technology?
5) What are the constraints faces in using this technology?
6) What are the suggestions to overcome this problem?
7) What are the expectations from different organizations in relation to this technology?
8) Did you share knowledge and skills? When? How?
9) What is your benefit gained?
10) How is your satisfaction?
Key informants (DAs, woreda officials and village)
1) What is your prospect about the technology?
2) What is your plan for increasing?
3) What are the challenges?
4) What is your suggestion to cop up this challenge?

5) What are possible strategies to improve the existing problems?
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